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Description 

Growth hormona is a secretory protein of the pituitary glared ot ar^imals having wide ranging developmental eff cts 
on the organism. Artificial manipulation of growth homrtone levels has been dem nstrated to have significant therapeutic 
utility. Human growth h rmone supplerhentation has been shown to be an effective treatment for gr wth hormone 
deficiencies and their related disease states in humans. Apart from this application, studies have uncovered new and 
significant properties of growth hormone which lend further Importance to the ability to control growth hormone levels. 
For example, recent clinical studies indicate that growth hormone supplementation may be useful In combating the 
maladies of aging in humans. Elevated growth hormone levels in animals have been shown to result in increased lean 
muscle mass. One application of this latter obsen^ation could result in higher production ot leaner meat products or in 
the production of larger and/or stronger animals. 

While growth hormcme is naturally produced by the pituitary gland, the secretion of growth hormone into the blood- 
stream Is controlled by a second protein. Growth Hormone Releasing Factor (GRF). This hormone is also commonly 
known in the art as somatocrinin, Growth Hormone Releasing Hormone (GHRH), and Growth Releasing Hormone 
(GRH). 

There are two ways to approach the problem of increasing circulating levels of growth hormone: (1) increase the 
level of hurren growth hormone in the organism directly or (2) increase the organism's natural tendency to produce 
growth hormone. The latter strategy may be achieved via supplententation with GRF. GRF has been demonstrated to 
trKrease the circulatory levels ot growth hormone In vivo . RIvier. etal. . Nature fLondonV 300:276 (1 982). The effect of 
GRF (and various structural analogs thereof) on growth hormone production has bem\ widely studied. A primary ob- 
stacle to the use of GRF as a direct supplement is its short lifespan jn vivo . LA. Frohman. et al .. Journal of Clinical 
Investiiatfon . 78:906 (1986). More potent and/br longer lasting GRF molecules are therefore desirable for the devel- 
opment of effective human therapeutic or animal husbandry agents. 

The structure of GRF has been modified In nurrterous ways resulting in longer lasttng and/or more potent GRF 
analogs. It has been denrtonstiated that the first 29 amino acids from the N-term^us are sufficient to retain full GRF 
activity. Speiss. et at.. Biochemistry . 21:6037 (1982). One strategy has been the incoiporalion of novel 0-amino acU 
residues in various regions of the GRF molecule. V.A. Lance, et al .. Biochemical and BioDhvsical Research Commu- 
nications . 119:265 (1984); D.H. Coy, et al .. Peptides . 8(suppl. 1):49 (1986). Another strategy has nrKxJified the peptide 
backbone of GRF by the Incorporation of peptide bond isosteres in the N4erminal regton. D. Tounwe. Janssen. Chim. 
Acta . 3:3(1985); S.J. Hocart. et al .. Journal ol Medicinal Chemistry . 33:1954-58(1990). A series of very active analogs 
of GHRH is described in European Patent Publication 511 .003, published October 28. 1992. 

In addition to the acttoris of GHRH there are various ways known to release growth hormone. For example, chem- 
icals such as arginine, L-3.4-dihydraxyphenylatanine (L-DOPA). glucagon, vasopressin, and insulin-induced hypogly- 
cemia, as well as activities such as sleep and exercise, Indirectly cause growth honnone to be released from the 
pituitary by acthg in some fashk>n on the hypothalamus, perhaps either to decrease somatostatin secretbn or to 
increase the secretk^n of GHRH. 

In cases where increased levels of growth hormone are desired, the problem has generally been solved by pro- 
viding exogenous growth hormone or by administering GHRH, or a related pepttdyl compounds which stimulates growth 
hormone production or release. In either instance the peptidyl nature of the compound has necessitated that it be 
administered by injectcn. 

Other compounds hdve been developed which stimulate the release of ertdogenous growth hormone, such as 
anate>gous peptidyl compounds related to GHRH. These peptkies. while considerably snnaller than growth hormones 
are still susceptible to metabolic instability. 

Administratbn of the hexapepttde growth hormone releasing peptide-6 (GHRP-6) results in the secretton of growth 
hormone in many species, irv:luding humans. This peptide has the following sequence. 

Hi6-I>-Trp-Ala-Trp-D-Phe-Ly6-NH2 

This peptkle is one of a series of synthetic peptides, the structures of which were based on the pentapeptkJe Met- 
enkephalia It has been shown that GHRP binds specifically to the pituitary, although the binding does not involve the 
opioid, GHRH, or the somatostatin receptors. 

In recent years significant efforts have been taken to develop nonpeptidyl analogs of this series of compounds. 
Such cOTipounds, termed growth hormone secretagogues, shoukJ be orally bloavailable, induce the production or 
release of growth hormone, and act synergist'calty with GHRH. 

Representative growth hormone secretagogues are disck>sed in United States Patent 3.239.345; United States 
Patent 4.038.979; United States Patent 4,411.890; United States Patent 5,208.235; United States Patent 5.248.841; 
United States Patent 5,310,737; United States Pat nt 5,310.017; European Patem Publication 144,230; European 
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Patent Publication 513,974; Patent Cooperation Treaty Patent Publication WO 94/07466; Patent Cooperation Treaty 
Patent Publication WO 94/08583; Pat nt Cooperation Treaty Patent Publication WO 94/13696; and Science . 260: 
1640-1643 (1 993), the entire of all of which are herein incorporated by reference. 

United States Patent 5.206.235, issued April 27. 1993. describes a Series of beru lactam comp unds typified by 
5 the f Itowing sfructur . 
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^ These contpounds have demonstrated clinical activity in humaris in raising the growth hormone secretory levels. BJ. 
Gerte. Journal ot Clinical Endocrinology and Metabofisra 77:1393-1397 (1993). 

A second generation of growth hormone secretagogues is described in Patent Cooperation Treaty Patent Publi- 
cation WO 94/13696, published June 23. 1994. TTiese compounds are typified by the foltowing two structures. 
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The present invention provides a series of compounds that have activity as growtKhonmone secretagogues. Thes 
compounds are oraRy active and non-pepttdyl cn nature and are. therefor , more metaboltcalty stable than growth 
hormone, growth hormone releasing hormon .or analogs f either of thes proteins. The comp unds employed in the 
present invention are preferred for human pharmaceutical uses as well as veterinary uses, parttcubrty m cattle, swine, 
sheep, poultry and fish. 

This invention encompasses methods for the treatment or prevention of a physiol gtcal condition which may b 
modulated by an increase In growth hormone, which method comprises administering to an animal in need of said 
treatment an effective amount of a compound of Formula I 



rB I 
R-(CH;)r.— C-CH:— -N— (CH)c-R- 

NH 
I 

(CO)p 
(CH2)„ 



I 



wherein 

m is 0, 1.2, or 3; , 
nisOorl; 
o is 0.1. or 2; 
pisOorl; 

R is phenyl, 2- or 3-indolyl. 2- or 3-<ndolinyl. benzothienyl, benzofuranyl, or naphthyl; 

which groups may be substituted with one or two halo, 0^-0^ alkoxy. trifluoromethyl, 0^-04 alkyl. phenyl-C^- 
O2 alkoxy. or 0^*04 alkanoyi groups; 

is trityl. phenyl, diphenytmethyl, phenoxy. phenytthto, piperazhyl. piperidinyl, pyrrolldinyl. morpholinyl, indolinyl, 
indotyl, benzothienyl. hexamethyleneiminyt, benzofuranyl. tetrahydropyridtnyl, quinolinyl, ieoqutnoOnyl. reduced 
quinolinyl. reduced isbquinolinyl, phenyl-(C^-C4 alkyi)-, phenyl-(C|-C4 alkoxy)-. quinolinyl-<C^-C4alkyl)-. isoquin- 
olinyl-(C^-C4 alkyi)-. reduced qutnolinyl-(C^-C4 alky[)% reduced isoqutnolinyHC^ -C4 alkyf)-. benzoyl-(C^-C3 alkyi)-. 
C,-C4 alkyl. or -NH- CHg^R^ 

any one of which groups may be substituted with halo. C|-C4 alkyl, 0^*04 alkoxy, trifluoromethyl, amino. 
C^-C4 alkylamino. di(C^^4 alkyl)amino, or C2-C4 alkanoylamino; 

.or any one of which R^ groups may be substituted with phenyl, piperazinyl. Cs-Cg cycloalkyl, benzyl. C^-C4 
alkyl. piperidinyl. pyrldinyl. pyrtmidinyl. 62*0^ alkanoylamino. pyrrolidinyl. C2-Ce alkanoyi, or C,-C4 alkoxycar- 
bonyl; 

any one of whk:h groups may be substituted with hato, C^-C4 aDcyl. C,-C4 alkoxy. trffluoromethyl« amirto, 
C1-C4 atkyfamirio, di(C^*C4 alkyl}amino. or C2-C4 alkanoylamino; 

or R^ is amino, a leaving group, hydrogen. C^-C^ alkytamino. or di(C^-C4 alkyl)amino; 
R5 is pyridyl, anilino-{C^-C3'a!kyI)-, or anilinocarbonyl; 

R2 is hydrogen. C1-C4 alkyl. 0^-04 alkylsulfonyl, carboxyKC^-Ca alkyl)-, C,-C3 alkoxycafbonyt-(C,-C3 alkyl)-, or 
-CO-R®; 

R6 is hydrogen, C,-C4 alkyl. C1-C3 hatoalkyi, phenyl, C^-Ca alkoxy. C1-C3 hydroxyalkyi, amino, C,-C4 alkylamino. 

di(Ci-C4 alkyl)amtno, or -(CH^jq-R^; 

qts0to3; 

R7 is.carboxy, O^-C^ alkoxycarbonyl. 0<^-C^ aikylcarbonykucy, amino. C^*C4 alkylamino. di(C,-C4 alkyl)amino, C^- 
Cg alkoxycarbonytamino, or 

phenoxy, phenytthto, piperazlnyt. pipendinyl. pyrrolidinyl, morpholinyl, indolinyl. indotyl. benzothienyl. benz^ura- 
nyl. quinolinyl, isoquinoRnyl. reduced quinollnyt. reduced isoquinolinyt, phenyt-(C|-C4 alkyl)-, quino)inyl-(C,-C4 
alkyi)-. isoquino]inyt-(Ci-C4 alkyl)-, reduced quinotlny1-(CrC4aiky1)-. reduced isoquinolinyl-(C^-C4 aOcyl)*. benzoyl- 
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Ci-Caalkyl; 

any one f which groups may be substituted with halo, trifluoromelhyl, O^-C^ alkoxy, C1-C4 alkyi, amino, 
C^-C4 alKylamino, di(C,-C4 alkyl)amin , or C2-C4 alkanoylamino; 

or any one of which groups may be substituted with phenyl, ptperazinyl, C3-Ce cycloafkyl, b nzyl, piperidinyl, 
pyridinyi, pyrimidiny), pyrroltdinyt, Cg-Cg alkanoyi, r C^-C4 alkoxycarbonyl: 

any of which groups may be substituted .with halo, trifluoromelhyl. amino. C^*C4 alkoxy, C^-C4 alkyI, C^- 
C4 alkylamtno, di(C|-C4 aIkyl)amino, or C2-C4 alkandylairnind; 

R® is hydrogen or C, -Cg alkyt 

R3 is phenyl, phenyl-(C^-Ce alkyl}-* 03-03 cycloalkyi, O^-Ogcycloalkenyl. O^-Cg alkyl, naphthyl, 02*Cg alkenyl. or 
hydrogen; 

any one of which groups except hydrogen may be substituted with one or two halo. O^^C^ alkoxy. 0^-03 
alkytthto, nitro. triftuoromethyt, or 0^03 alkyI groups; and 
R* is hydrogen or C,-03 alkyI; 

with the proviso that if R^ is hydrogen or halo, R3 is phenyl, phenyt-(C^-Oe alkyI)-, C^-C^ cycloalkyl, C5-CB cy- 
cloalkenyl, or naphthyl; 

with the proviso that if R^ is hydrogen or halo, R3 is phenyl. phenyl-(0,-Oe alkyl}-, OyO^ cycloalkyl, C^-C^ cy- 
cloalkeiiyl. or naphthyl; or a pharmaceutically acceptable salt thereof. 

In another embodiment, this inventbn encompasses the novel compounds of Formuta 1 and the pharmaceutically 
acceptable salts, solvates, and prodrugs thereof, as well as pharmaceutical formutalions comprising, as an active 
ingredient, a compound of Formula 1 in combination with a pharmaceutically acceptable carrier, diluent or excrpient. 
This invention also encompasses novel processes for the synthesis of the compounds of Formula I. 

All temperatures stated herein are tn degrees Celsius f O). All units of measurement employed hereoD are in weight 
units except for Fiquids which are in volume units. 

As used herein, the term '0^-0$ alkyi' refers to straight or branched, monovalent, saturated aliphatic chains of 1 
to 6 carbon atoms and Includes, but is not limited to. methyl, ethyl, propyl, isopropyl, butyl, isobutyl. t-butyt, pentyl, 
isopentyl, and hexyL The term '0,-0^ alkyl' includes within Its definition the term 'C,'C4 alkyT. 

'Dfvalent(C^*C4)alkyr represents a straight or branched divalent saturated aliphatic ctialn having from one to four 
carbon atoms. Typical divatent(Ci-C4)alkyl groups include methylene, ethylene, propylene, 2-methylpropylene, buty< 
lene arKi the like. 

*Halo* represents chloro, fluoro, bromo or todo. 

*Halo(0^-C4)alkyr represents a straight or branched alkyl chain having from one to four cartx>h atoms with 1. 2 
or 3 halogen atoms attached to it Typical halo(C^-C4)alkyl groups include chloromethyL 2-bromoethyl, 1 -chtoroisopro- 
pyl, 3-fluoropropyl, 2,3-dibromobutyl, 3-chloroisobutyl, iodo-f-butyt, triftuoromethyl artd the like. 

'Hydroxy (C^-C4)alkyr represents a straight or branched alkyl chain having from one to four carbon atoms with 
hydroxy group attached to it. Typical hydroxy(0^-04)alkyt groups include hydroxymethyL 2-hydroxyethyl, 1 -hydroxy iso- 
propyl, 2-hydroxypropyl, 2-hydroxybutyl. 3-hydroxyi50butyL hydroxy*f-butyl and the like. 

*CyC^ alkylthio' represents a straight or branched alkyl chain having from one to sa cart>on atoms attached to a 
sulfur atom. Typical C^-C^ alkylthio groups include methyfthx>. ethytthb. propylthk>. isopropytlhto, butylthk) and the like. 
The term 'C^-C^ alkytthio' includes within its dertnitlon the term *C^-04 alkylthio*. 

The terrn *C2-0q alkenyP as used herein represents a straight or branched, monovalent, unsaturated aliphatic 
chain having from two to eight carbon atoms. Typical Oj-Cg alkenyl groups include ethenyl (also known as vinyl), 

1- methylelhenyl. 1-methyt-l-propenyl, 1-butenyl, 1-hexenyl, 2-methyl-2-propenyl, 1-propenyl. 2-proponyL 2-butenyl, 

2- penteny1. and the like. 

*^5*^B cycloalkenyt' represents a hydrocarbon ring structure containing from five to eight carbon atoms and having 
at least one double bond within that ring, which is unsubstltuted or substituted with 1 , 2 or3substituents independently 
selected from halo. hab(0|-04)afkyl. C^-04 alkyl. C1-O4 alkoxy. carboxy, C^-C^ alkoxycarbonyl. carbarrtoyl. N-(0)-C4) 
alkytcarbamoyi, amino, 0,-04 alkylamino. di{0T04)alkylamino or -(CHgja-R*^ where a is 1, 2, 3 or 4 and R^ is hydroxy, 
C)-C4 alkoxy. cartxocy, 0,-04 alkoxycart)onyl. amino, carbamoyl, 0,-04 allcylarntno or di(C,-04)alkylamino. 

*0,-C4 alkylamino* represents a straight or branched alkylamino chain having from one to four cartxxi atoms 
attached to an amino group. Typical 0^-04 aOcyl-amino groups include methylamirK). ethylamino. propytamino, isopro- 
pylamino, butylamirK). seo^butytamino and the like. 

*0i(0,-04 alkyl)am'ir\o* represents a straight or branched dialkylamino chain having two alkyl chains, each having 
independently from one to four cart)on atoms attached to a common amino group. Typical dl(C^-04)alkytamtno groups 
irtclude dim thylamin , ethylmethylamino, methyllsopropylamin . f-butylisopropytanfin . di-M>utytamlno and the like. 

'Arytsutfonyr represents an aryl moiety attached to a sulfony I group. *Aryl* as used in this term represents a phenyl. 
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naphthyl, heterocycle, r unsaturated heterocycle moiety which is plionaDy substituted with 1.2 r 3 substituents 
independently selected from halo. halo(C,-C4)alkyl. C1-C4 alkyl. Ci-C4 alkoxy, carboxy, CyO^ alkoxycarbonyl. car- 
bamoyl. N-(C,-C4)alkylcarbanrx>yl. amin . C1-C4 alkylamin , di(C,-C4)alkyiamtno or -(CH2)a-R» where a is 1. 2, 3 or 
4; and R** is hydroxy, C,-C4 alkoxy. carboxy, C,-C4 alkoxycarbonyl. amino, carbamoyl. CyO^ alkylamino or di(Ci-C4) 
alkylamirra. 

the term •heterocycle" represents an unsubstituted or substituted stabi 5- to T-membered monocyclic or 7- to 
10-membered bicyclic heterocyclic ring which is saturated and which consists of carbon atoms and from one to three 
heteroatoms selected from the group consisting of nitrogen, oxygen or sulfur, and wherein the nitrogen and sulfur 
heteroatoms may optionally be oxidized, and the nitrogen heteroatom nr^y optionally be quaternized and including a 
bicyclic group in which any of the above-defined heterocyclic rings is fused to a benzene ring. The heterpcyctb ring 
may be attached at any heteroatom or carbon atom which affords a stable stmcture. The hetero-cycte is unsubstituted 
or substituted with 1 . 2 or 3 substituents independently selected from hab. habCC^-CJ-alkyl. C^-C4 alkyl. C^-C4 alkoxy. 
carboxy, Ci-C4alkoxy-carbonyl. carbamoyl, N-{C,-C4)-alkylcarbarnoyl, amino. C,-C4 alkylamino, di(C,-C4)alkylamirK> 
or -(Ch4)a-R<* whe re a is 1 , 2. 3 or 4; and R* is hydroxy. -C4 alkoxy. carboxy. C, -C4 alkoxycarbonyl, amino, carbamoyl. 
C)-C4 alkylamino or di(Ci-C4)alkylamino. 

The term 'unsaturated heterocycle' represents an unsubstitutedor substituted stable &- to 7*membered monocydtc 
or 7- to 10-membered bkryclic heterocyclic ring which has one or more double bonds and which consisis of carbon 
atoms and from one to three heteroatoms selected from the group consisting of nitrogen, oxygen or suff ur, and wherein 
the nitrogen and sulfur heteroatoms may optbrtally be oxidized, and the nitrogen heteroatom may optionally be quar- 
temized and including a bicyclic group in which any of the above-defined heterocyclic rk^s is fused to a benzene ring. 
The unsaturated heterocycle ring may be attached at any heteroatom or carbon atom which affords a stable structure. 
The urisaturated heterocycle is unsubstituted or substituted with 1, 2 or 3 substituents independently selected from 
halo. halo(Cj-C4)alkyt, C^-C4 alkyl. C,-C4 alkoxy. cart>oxy. C^-C^ alkoxycarbonyl, carbamoyl, N-(C^-C4)alkyk»rt>amoyl. 
amino. C^-C^ alkylamino, di(C,-C4)alkyIamino or -(CH2)a-Re where a Is 1, 2, 3 or 4; and R» is hydroxy. C,-C4 alkoxy, 
cart)Oxy. 0^-64 alkoxycart)onyl. amino, carbamoyl, C1-C4 alkylamino or di(C^-C4)alkylamirK>. 

Examples of such heterocycles and unsaturated heterocycles iriclude piperidinyl, piperazinyt. aaepinyt. pyrrolyl. 
4-piperidonyl, pyrrotidinyl, pyrazotyl. pyrazolidinyl, imidazotyl. inradazoHnyl. imidazolkjinyl, pyridyl. pyrazinyt. pyrimidlnyl. 
pyridaztnyl. oxazolyl, oxazolidinyt. isoxazolyl. isoxazolidinyl, morpholinyl. thiazotyl. thiazoTKftnyl. isothiazolyl, quinucld* 
inyl. Isolhiazolidinyl, indotyt. quinoQnyl, isoquinolinyl, benzimidazotyl, thiadiazotyl. benzopyranyl, benzothiazolyl, ben- 
zoazolyl, furyt. tetrahydrofuryl, tetrahydropyranyl. thienyl. benzothienyl. thiarrK^rpholinyl. thiamorpholinyl-suKoxida. thi- 
amorpholinylsulfone. oxadiazotyl. triazolyt. tetrahydroqulnolinyl. tetrahydrisoquinoHnyl. 3-methyirmidazolyl. 3-methox- 
ypyridyl. 4-chtoroquinolinyl. 4-aminothazotyl, e-methylquinolinyl, 6-chk)roquinoxalinyl, 3-ethylpyrkiyl. 6-methaxyben- 
zimidazolyl, 4-hydroxyfuryl, 4-methylisoquinolinyl, 6.8-dibronrioqu(noltnyl, 4,8-dimethyl-naphthyl, 2-methyl-1,2.3.4-tet- 
rahydrcMsoquinolinyl, N-methyl-quinolin-2-yl, 2-^buloxycarbonyl-1 .2,3,4-isoquinolin-7-y1 and the like. 

'C^-Cg alkoxy' represents a straight or branched alkyl chain having from one to six carbon atoms attached to an 
oxygen atom. Typical C^-Cg alkoxy groups irK;lude methoxy. ethoxy. propoxy. tsopropoxy, butoxy. f*butoxy. pentoxy 
and the like. The term 'dj-Cg alkoxy* includes within its definition the term '0^*C4 alkoxy". 

'Cg-Cg alkanoyP represents a straight or branched alkyl chain having from one to five carbon atoms attached to 
a cartxxiyt moiety. Typical C2-Ce alkanoyi groups delude ethanoyl. propanoyl. isopropanoyi, butanoyt, f-butanoyl. pen- 
taru>yl, hexanoyl, 3-methylpentarioyl and the like. 

*C^-^4 alkoxycarbonyl" represents a straight or branched alkoxy chain having from one to four carton atoms 
attached to a cartionyl moiety. Typical C^-C4 alkoxy-carbonyl groups include methoxycarbonyl, ethoxycarbonyl pro- 
poxycarbonyt. isopropoxycarbonyl. butoxycarbonyl. Kbutoxycarfoonyl and the Hke. 

'OyC^ cycloalkyl' represents a saturated hydrocarbon ring structure containing from three to eight carbon atoms 
which is unsubstituted or substituted with 1. 2 or 3 substituents independently selected from hak>. halo(C|-C4)aIkyl,' 
C,-C4 alkyl. CX,-C4 alkoxy. cartsoxy. C1-C4 alkoxycarbonyl, carbamoyl, N-(C^-C4)alkytoarbamoyl. amino, C,-C4 
alkylamino. dt(C,-C4)alkylamtno or -<CH2)a-R' where a Is 1 , 2, 3 or 4 and is hydroxy, C,-C4 alkoxy. carboxy. C,'C4 
alkoxycarbonyl. amino, carbanrujyl, C^*C4 alkylamino or di(C|-C4)alkylamlrK). lyptca) O^-C^ cycloalkyl groups includa 
cyctopropyl, cyclopentyl, cyclohexyl, cyctoheptyl. 3-methyl-cyclopentyl. 4-othoxycyclohexyl, 4-cart»oxycyck)heptyl. 
2-chlofocyclohexyl. cyck>butyl. cyckxx:tyl, and the like. 

The term "amino-protecting group* as used in the specification refers to substituents of the amino group commonly 
ennpkiyed to bk)ck or protect the amino functionality while reacting other functbnal groups on the compound. Examples 
of such amino-protecting groups include foimyl. trityl, phthalimido. trichbroacetyl. chk}roac6tyl, bronnoacetyf. b- 
doacetyl. and urethane-type blocking groups such as benzyloxycarbonyt. 4-phenytberuytoxycart>ony1. 2-methylben- 
zyloxycarbonyl, 4-methoxybenzyloxycarbonyl, 4-fIuorobenzyloxycart}onyl, 4-chtor0benzyloxycarbonyl, 3-chlorobenzy- 
loxycarbonyl. 2-chlorobenzyloxycarbonyl, 2,4-dichiorobenzyloxycarbonyl. 4-bronnobenzyEoxycarbonyt. 3-bromobenzy- 
loxycart)onyi. 4-nrtr benzytoxycarbonyl, 4-cyanobenzytoxycart)onyl, fbutoxycarbonyl, 1,1-dlphenyleth-1*yloxycarbo- 
nyl. 1.1-diphenylprop-1-yloxycarbonyl. 2-phenyIprop-2-ylc»cycarbonyl. 2*(p>toluyl)-prop-2-ytoxycarbOTyt. cyctopenlar*- 
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yloxycartxjnyl, 1-melhylcyclopenlanyloxycarbonyl. cyclohexanyloxycartx)nyl. l-melhylcycl hexanykjxycarbonyl. 
2-methylcyclohexanyloxycarbonyi, 2-{4-toIuylsulfonyr)-ethoxycarbonyl. 2-(methylsuIfonyl)elhoxycartx>nyt. 2-(triphe- 
nyIphosphino)-ethoxycarbonyl. fluorenylmethoxy-carbonyl (•FMOC^, 2-(trim thylsilyl )elhoxycarbonyl. aflyloxycarbo- 
nyl. l.-(trimethylsilylm8thyi)prop-l-enyloxycarbonyl, 5-bGnzisoxa»ylmethoxycart)onyl. 4-acet xybenzyloxycarbonyl, 

5 2.2,2-trichloro8lhoxycarbonyl, 2-ethynyl-2-propoxycarbonyl. cyclopropylm ihoxycarbonyl, 4-{d8cytoxy)benzyloxycar- 
bonyl. is bornyloxycarbonyl, l-piperkJytoxycarbonyl and the like: benzoylmethylsulfonyl group. 2-nitrDphenyIsuIfenyl. 
diphenytphosphine oxide and like amino-protecting groups. The species of amino-protecting group employed is usually 
not critical so long as the dertvatized amino group is stable to the condition of subsequent reactions on other positions 
of the intermediate molecule and can be selectively removed at the appropriate point without disrupting the remainder 
of the nrrolecule including any other amino-protecting groups. Preferred aminoi}rotect^g groups are trityl. ^butoxycar- 
bonyl (l-BOC). altybxycarbonyl and benzyloxycarbonyl. Further examples of groups referred to by the above terms 
are described by E. Haslam. "Protective Groups in Organic Chemistry*, (J.G.W. McOmie, ed., ig73), at Chapter 2; 
and T.W. Greene and P.G.M. Wuls. 'Protective Groups in Organic Synthesis" (1991). at Chapter 7. 

The term 'carboxy-protecting group' as used in the specification refers to substituents of the carboxy group corrv 

f5 monty employed to block or protect the carboxy functionality while reacting other functional groups on the compound. 
Examples of such carlx)xy-protecting groups include methyl, p^iitrobenzyl, pnnethylbenzyl. p-methoxy-benzyl. 
3,4-dimethoxybenzyl, 2,4-dimethoxybenzyl. 2.4,6-trimethoxybenzyl. 2,4,6-trimethylbenzyl, pentamethylbenzyl. 
3,4-methylene<lioxybenzyl. benzhydryl, 4,4'-dimelhoxy-benzhydfyl. 2.2',4.4'-tetramethoxybenzhydry!. HDutyl. f^myl, 
trityl, 4-methoxytnlyl, 4,4'-dimelhoxytrityI, 4.4'.4'*-trimethoxytrityl, 2-phenylprop-2-yI, trimethylsilyl, fr*utyldimethyteilyl. 

20 phenacyl, 2,2,2-trichtoroethyl. 2-(di(n^utyI)methylsiIyl)ethyl, p^toluenesufforrylethyl, 4-nitroben2y!suffonylethyl, alV*. 
clnnanryl, 1 -(trimethylsilylmethyOprop-1 -erv3-yl and like moieties. Preferred carboxy-protecting groups are allyt. benzyl 
and r-butyl. Further examples of these groups are found in E. Haslam. supra , at Chapter 5, and T.W. Greene, et a! .. 
supra , at Chapter 5. 



The term 'leaving group' as used herein refers to a group of atoms that is displaced from a cart)on atom by the 



^5 attack of a nucleophile in a nuclec^hilic substitution reaction. The term 'leaving group* as used in this docun^t en- 
compasses, but is not limited to, activating groups. 

The term 'activating group' as used herein refers a leaving group which, when taken with the cart)cnyl (^O) 
group to which it is attached, is more likely to take part in an acylatton reaction than would be the case if the group 
were not present, as in the free acid. Such activating groups are well-known to those skilled in the art and may be, for 

^ example, succinimkioxy, phthalimkjoxy. benzotriazolyioxy, benzenesulfonyloxy, methanesutfc^yloxy, toluenesulfony- 
loxy, azido, or 0-C0-(C4-C7 aDcyl). 

The compounds used in the nrtethod of the present invention have multiple asymmetric centers. As a consequence 
of these chinal centers, the compourKls of the present rivention occur as racemates. mixtures of enantiomsrs and as 
Individual enantiomers. as well as d'astereomers and mixtures of diastereomers. All asymmetric forms, incfivkiual tso- 

35 mers and combinatbns thereof, are within the scope of the present inventnn. 

The terms 'R* and 'S* are used herein as commonly used in organic chemistry to denote specific configuration of 
a chiral center. The term 'R* (mcfus) refers to that configuratnn of a chiral center with a clockwise relationship ol group 
priorities (highest to second lowest) when viewed atong the bond toward the lowest priority group. The term *S' (sinisler) 
refers to that configuration of a chiral center with a counterclockwise relationship of group priorities (highest to second 

40 lowest) when viewed along the bond toward the lowest prbrity group. The prionty of groups is based upon their atomic 
nunnber (in order of decreasing atomic number). A partBl list of priorities and a discussion of stereochemistry is con- 
tained in 'Nomenclature of Organic Compounds: Principles and Practice*, (J.H. Fletcher, et a! ., eds., 1974) at pages 
103-120. 

In addition to the (R)-(S) system, the older D-L system is also used in this document to denote absolute configu- 
45 ration, espectally with reference to amm acids. In this system a Fischer projection formula is oriented so that the 
number 1 cart»on of the main chain is at the t^. The prefix 'D' is used to represent the at>solute configuration of the 
isomer in which the functional (determining) group is on the right side of the carbon atom at the chiral center and 'L*. 
that of the isomer in which it is on the left 

As noted supra , this invention ehconr^sses methods employing the pharmaceutically acceptable salts of the 



so compounds defined by Formula I. A compound of this invention can possess a sufficiently acidic, a sufficiently base, 
or both functional groups, and accordingly react with any of a number of organic and inorganic bases, and nor^inic 
and organic acids, to form a pharmaceutically acceptable salt. 

The term *phannaceutically acceptable salt* as used herein, refers to salts of the compounds of the at>ove fomiub 
which are substantially non-toxic to living organisms. Typical pharmaceuticalty acceptable salts include tfiose salts 
ss prepared by reaction of the compounds of the present invention with a pharmaceutically acceptable mineral or or^lc 
acid or an organic or inorganic base. Such salts are known as acid addition and base addition salts. 

Acids commonly mployed t form acid additton salts are inorganic acids such as hydrochloric acid, hydrobromic 
acid, hydrokx^ic acid, sulfuric acid, phosphoric acid, and the like, and organic acids such as p-toluenesulfonic, meth- 
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anesutf nic acid. oxaGc acid, p-bromophenylsutfontc acid, carbonic acKj, succinic acid, citric add. benzoic acid, acetic 
acid, and the like. Exannples ol such pharmaceutically acceptable salts are th suRate. pyrosuKate, bisulfate, sulfite, 
bisulfite, phosphate, monohydrpgenphosphate, dihydrogenphosphat.e, metaphosphato, pyrophosphat , bromide, io- 
dide, acetate, propionate, decanoat . caprylat . acrytate. tomnate, hydrochloride, dihydrochtoride. tsobutyrat . 
5 caproat . heptanoate. propiolate. oxalate, malonate, succinate, suberate. sebacate, fumarate. rraleate, butyne-1.4-di- 
oate. h xyne-1.6-dioate, benzoate, chlorobenzoate, methylbenzoate. hydr xyb nzoate. meth xybenzoate. phthalate. 
xylenesulfonate. phenylacetate. phenylpropionate. phenylbutyrate. citrate, lactate, y-hydroxybutyrate. glycolate. tar- 
trate, methanesulfonate, propanesulfonate, haphthalene-1 -sulfonate, napththalene-2-sulfonate. mandelate and the 
like. Preferred pharmaceutically acceptable ackl additton salts are those formed with mineral acids such as hydrodik)ric 
10 acid and hydrobromic actd, and those formed with organic acids such as maleic acid and methanesuDonic acid. 

Base addition salts include those derived from inorganic bases, such as anrvnonium or alkali or alkaline earth metal 
hydroxides, carbonates, bicarbonates. and the like. Such bases useful in preparing the salts of this invention thus 
include sodium hydroxide, potassium hydroxide, ammonium hydroxide, potassium carbonate, sodium carbonate, so- 
dium bicarbonate, potassium bicarbonate, cateium hydroxide, calcium carbonate, and the like. The potassium and 
IB sodium salt forms are particularly prefen-ed. 

It shoukJ be recognized that the partk:ular counterion fomiing a part of any salt of this invention is usually rwt of a 
critical nature, so k>ng as the salt as a whole is phamnacok>gtcaity acceptable and as tong as the counterbn does not 
contribute undeslred qualities to the salt as a whole. 

This invention further encompasses methods employing the phannaceutically acceptable solvates of the com- 
^ pounds of Formulas I. Many of the Formula I compounds can combine vwth solvents such as water, methanol, ethanol 
and acetonrtrile to form pharmaceutically acceptable solvates such as the corresponding hydrate, methanolate, eth- 
ano^te and acetonitrilate. 

The especiafly preferred conrpounds used in the methods of this Invention are those of Formula I wherefn 

ss a) R is substituted or unsubstituted 2- or 3-lndotyI, phenyl, or naphthyl; 

b) nis1; 

c) is phenyl, substituted phenyl, p^ridinyl, substituted piperidinyt, piperazinyl, substituted piperazlnyl, pyrro- 
ttdinyl, pyridyt, benzoyl, or morpholinyl; 

d) is -COR6, C1-C4 aDcylsulfonyl, or C^-Cs alkoxycarbonyl-(C,-C3 alkyi)-; 

30 e) R3 is phenyl, substituted phenyl, C3-CB cycloalkyi, substituted C^-Ce cyctoalkyt, naphthyl or substituted naphthyl; 
and 

0 R^ is hydrogen or methyl. 

A most prefen-ed group of compounds used In the methods this lnventk>n are those of Formula I wherein R is 
3S optionally substituted indolyl, R^ is substituted ptperidinyl or substituted piperazinyl, Pfi is hydrogen, and R? is acetyl 
or methylsuttonyL Another preferred group of compounds used in the methods of this invention are those of Formula 
I wherein R is naphthyl. R^ is optionally substituted phenyl, substituted ptperidinyl or substituted piperazinyl, is acetyl 
or methylsuffonyl. and R^ is phenyl or substituted phenyl. 

The especially preferred compounds of this invention are those <^ Formula I wherein 

a) R is substituted or unsubstituted 2- or a-indotyl. phenyl, or naphthyl; 
bjnisl; 

c) R^ is trityt. phenyl, substituted phenyl, piperkfjnyl, 5ut>stituted pipertdinyl, piperazinyl. substituted piperazinyl. 
pyrrolidinyl, pyridyl. benzoyl, or morpholinyl; 
45 d) R2 is -CO-R®. CyC^ alkylsulfonyl, or C1-C3 alkoxycarbonyl-(a,-C3 alkyl)*; 

e) R3 is phenyl, substituted phenyl. C^-C^ eye toalkyl. substituted OyC^ cyctoalkyl. naphthyl or sutjstduted naphthyl; 
and 

f ) R® Is hydrogen or methyl 

50 The single most preferred compound employed in the methods of the present invention Is (R)-a-(1 H-irtdol-3-yl)-l - 
f N-(2*methaxybenzy l)acetylamino)-2<N-(2-(4-(piperidin-l -yl)piperidin-l -yOacetyl)aminolpropane dihydrochtoride tri- 
hydrate 
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the synthesis ol which is described in United States Patent 5.530.009. issued June 25. 1996. the entire contents of 
which are herein incorporated by relerence. 

The compounds of the present invention can be prepared by a variety of procedures well known to those of ordinary 

20 skill in the art. The particular order of steps required to produce the compounds of Formal I is dependent upon the 
particular compound being synthesized, (he starting compound, and the relative tability of the substituted moieties. 

Examples of such protocols are depicted in Schemes I through IV The coupling of the substituted amine to the 
compound of Formula II (Method A) can be performed by many means known tn the art, the particular methods em- 
ployed being dependent upon the particular compound of Formula II which is used as the starting material and the 

25 type of substituted amine used tn the coupling reaction. These coupling reactions frequently employ commonly used 
coupling reagents such as 1,1-carbonyl diimidazole. dicyclohexylcartxxjnmide. diethyl azodtcarboxylate. 1-hydroxy- 
benzotriazole. alkyl chbrotomnate and trtethylamine. phenyldichlorophosphate, and chlorosulf onyl isocyanate. Exam- 
ples of these methods are described infra After deprotectbn of the amino group, the compounds of Formula III are 
obtained. 

30 The compound of Formula III is then reduced, converting the amide rito an amine (Method B). Arrvdes can be 
reduced to amines using procedures well known in the art. These reductions can be performed using lithium aluminum 
hydride as well as by use of many other different aluminum-based hydrides. Alternatively, the amides can be reduced 
by catalytic hydrogenatbn. though hi^ temperatures and pressures are usually required for this. Sodium t)orohydride 
in combination with other reagents may be used to reduce the amide. Borane complexes, such as a borane dimethyl- 

35 sulfide complex, are especially useful in th's reduction reaction. 

The next step in Scheme t (Method C) the selective acylation of the primary amine using standard methods, as 
typified by Method C. Because of the higher steric demand of the secondary amine, the primary amine is readily 
available for selective substitution. 

This acylation can t>e done using any of a targe number of techniques regularly employed by those skilled in organic 

40 chemistry. One such reaction scheme is a substitution using an anhydride such as acetic anhydride. Another reaction 
scheme olten employed to acylate a primary amine employs a carboxylic acid preferably with an activating agent as 
described for Method A supra . An amino-de-alkoxytatton type of reaction uses esters as a means of acylatcng the 
primary amine. Activated esters which are attenuated to provide enhanced selectivity are very efficient acylating agents. 
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Scheme II 
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Primary amines can also be acylated using amides to perform what is essentially an exchange reactton. This 
reaction is usually carried out with the salt of the amine. Boron trifluoride. usually in the form of a baton trifluoride diethyl 
ether complex, Is frequently added to this reaction to complex with the leavtrtg ammonia. 

The next procedure ts one of substitution of the secondary amine (Method D). For rrK3St of the compourids of 
Formula I this substitution is one of alkylation, acylation, or sutfonation. This substitution is usually acconrtplehed using 
wen recognized means. Typically, alliylations can be achieved using alkyl halides and the like as well as the welMcnown 
reductive alkytation methods as seen in Method Q. Scheme II, supra , employing aldehydes or ketones. Many of the 
acylating reaction protocols discussed supra ffictentty acylat the secondary amine as well. Alkyl- and aryl-sulfonyl 
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chlortd s can be employed to sulfonate the seconctary amine. 

In many instances one of the later steps in th synthesis of the compounds of Fomiula I is the removal of an amlno- 
or carboxy-protecting group. Such procedures, which vary, depending upon the type f protecting group employed as 
well as the relative lability of other moieties on the compound, are described in detail in many standard references 
5 works such as TW. Gr ene, tal. . Protectiv Gr ups in Organic Synthesis (1991). 

Schemes II and III depict alternative protocols and strategies for the synthesis of the compounds of F rmuta t. 
Many of the individual reactions are similar to those described in Scheme I but the reactions of Schemes II and III are 
done in a different, but yet well known to those skilled in the art. series of steps. 

10 



15 



20 



2S 



30 



3S 



40 



4S 



SO 



12 



EP0 761 219 A1 



NH2 



Scheme III 



OH 



T5 



20 



25 



30 



l» Tritylatior. 
2 Feduciion 
^- Reductive 
Aikylac ion 
llMthod B) 



NK 
I 

Tricyl 



select ivfr 
acyUCior. 
(luthod X) 



I C 

Trity: 



deiritylaiicn 
lltotbod 1) 



1. Tiitylatlon 
21 Aniide Coupling 
?» Reduction 
(Itotbcid J) 



35 



40 



45 



50 




NH 



0^ ^H^P* 



wherein R^a coupled with the carbonyl group to which it is attached is equal to R?. 
55 In order to preferentially prepare one optical isomer over its enantionrter. the skilled practiUoner can proceed by 
one of two routes. The practitioner may first prepare the mixture of enantiomers and then separate the twoerwtiomers. 
A commonly employed method f r the resolution of the racemic mixture (or mixture of nantiomere) into th individual 
nantiomers Is to first convert the enantiomers to dtastereomers by way ot f rming a salt with an optically activ salt 
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r base. These diastereomers can then be separated using differential solubility, fractional crystallization, chromatog- 
raphy, r like methods. Further details regarding resolution f enantiomeric mixtures can be found in J. Jacques, tal. . 
•Enantiomers, Racemates, and Resolutions", (1991). 

In addition to the sch mes described above, the practitioner of this inventbn may also choose an enantiospecrTtc 
B protocol for the pr paration of the compounds of Formula I. Scheme IV, infra , depicts a typical such synthetic reaction 
design which maintains the chiral cent r present in the starting material in a desired orientation, tn this cas in the *R* 
configuration. These reaction schemes usually produce compounds in which greater than 95 percent of the title product 
is the desired enantiomer. 

Many of the synthetic steps employed in Scheme IV are the same as used In other schemes, espec^lfy Scheme III . 
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Scheme IV 
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The folbwing depicts representative examples o1 reactbn condittons ennptc^ed \n the preparation of the com- 
pounds of Formula I. 
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Method A 

C upltng of carfooxyllc acid and primary amine t form amide 

5 Preparation ol 2- f-butoxycarbony lamino-3-(1 H-indol-3-yl)-N-(2-methoxybenzyl )propanamide 

To a solution of N-<^butoxycarbonyt)tryptophan (46.4 g, 152.6 mmoles) in 500 mt of dtoxane was added carbonyt 
dilmidazolo (25.4 g, 156 mmoles) in a portionwise manner. The resulting mixture was stirred for about 2.5 hours at 
room temperature and then stirred at 45"C for 30 minutes. Next. 2-methoxybenzytamine (20.7 ml, 1 58.7 mmoles) was 
10 added and the reaction mbcture was then stirred for 16 hours at room temperature. 

The dtoxane was removed under reduced pressure. The product was partitioned between ethyl acetate and water 
and was washed successively with 1 N hydrochloric acid, saturated sodium bicarbonate solution, water, and brine, 
followed by drying over sodium sulfate and removal of the solvent. Final crystallization from methanol yielded 52.2 g 
of homogeneous product as yellow crystals. Yield 80.8%. m.p. 157-1 60*0. 

75 

Deprotectlon of primary amine 

Synthesis of 2-amino-3-(1 H-lndol-3-yl)-N-(2-methoxybenzyl )propanamide 

20 To a mbelure of the 2-^butoxycarbonylamino-3-(1 H-indol-3-yl)-N-(2-methoxybenzyl)propanamide prepared supra 
(25.1 g, 59.2 mmoles) and anisofe (12 ml, 110.4 mmoles) at 0^*0 was added dropwse an aqueous solution of trifluor- 
oacetic acid (116 ml. 1 .53 moles) in 50 ml of water. This mixture was stirred for one hour at O^C. foHowed by stirring 
for about 2.5 hours at ambient temperature. The mixture was then refrigerated for about 16 hours. 

The volatiles were removed under reduced pressure. The product was partitioned between ethyl acetate and sat- 
urated sodium blcart)onate solution and was then washed with water folbwed by brine and then dried over sodium 
sulfate. The solvents were removed in vacuo . Recrystallization from a 1:1 diethyl ether/cyclohexane solution yielded 
16.0 g (94.2%) of homogeneous product as an off-white powder. m.p. 104-108*'C. 

Method B 

30 

Reduction of amide carfoonyl 

Synthesis of 2-amino-3-(1H-indol-3-yl)-1-{N-(2-methoyybenzyl )amlnoJpropane 

35 To a refluxing solution of 2-amino-3-(1 H.-indol-3-yl)-N-(2-meth6xybenzyl)propanamide (9.81 g, 30.3 mmoles), pre- 

pared as descrStodsugra, in 100 ml of anhydrous tetrahydrofuran was added dropwise a 10M borane-methyl sulfide 
complex (9.1 ml, 91 .0 mmoles). The resulting mixture was refluxed for about 2 hours. The mixture was cooled to room 
temperature and the excess borane was quenched by the dropwise addition of 160 ml of metharK>l. The resulting 
mixture was refluxed for 15 minutes and the methanol was removed under reduced pressure. 

40 The residue was dissolved in a saturated methanol solution of hydrochbric acid (250 ml) and the solution refluxed 

for about 1 hour. The methanol was removed in vacuo artd the product was isolated the addition of 5 N sodium hydroxKie 
followed by extraction with diethyl ether. The product was then dried over sodium sulfate. The solvents were removed 
in vacuo . Flash chromatography (silica gel, eluting with methanol.methylene chtoride:ammonium hydroxide, 10:100: 
0.5) provided 7.1 g of a mixture of the title compound (75%) and the indoline derivative of the title product (25%) as 

45 an amt>er al. 

Method C 

Acylation of primary amine 

50 

Preparation of 3-(1 H-ff^doh3-yl)-l -{N-(2-methoxyben2yl)amino)-2-[N-(2-<(4-phenyf)pipera2in-l -yl)acetyl)amlnoJ 
propane 

(Compound d Example 17] 

55 

A mixture of 2-((4-phenyOpiperazin-1 -yOacettc acid, sodium salt (1 .64 g, 6.6 mmoles) and triethylamine hydrobro- 
mide (1.24 g. 6.8 mmoles) in 35 ml of anhydrous dimethylformamide was h ated to 50^C and r mained at that tenrv 
perature for about 35 minutes. The mixture was allowed to cool to room temperature. 1 , 1 -Cart}onyl dfimidazole (1 .05 
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g, 6.5 mmofes) and 10 mi of anhydrous dimethylfomriamide were added to the mixture. The resulting mixture was stirred 
for about 3 hours at room temperatur . 

A solution f the 2-amino-3-(1 H-indol-3-yO-1 ^N-(2-m8thoxyben2yl)amino]propane (75%) and the indolino deriva- 
tiv (25%) prepared supra , dissolved in 10 ml of anhydrous dimethylformamide was added to the previous reaction 

5 mixture. The resulting mixtur was stirred for about 16 h urs at room temperature. The dimethylformamide was re- 
moved under reduced pr ssure. 

The title product and its indofme derivative were partitioned between ethyl acetate and water and then washed 
with brine, and dried over sodium sulfate. The solvents were removed in vacuo . This process yielded 3.2 g of a mixture 
of the title compound and its indoline derivative as a yellow bu. These two compounds were then separated using high 

TO performance liquid chromatography using a reverse phase column followed by a silica gel column to give the title 
product (5.2 % yield) as a yellow foam. 

Method D 

'5 Techniques of Aoylatlon of Secondary Amine 

Preparatton of 1 -(N-ethoxycarbonyl-N-(2-methoxyben2yl)amino)-3-(1 H-indol-3-yl)-2-lN-(2-((4-phenyl)plperaz*aa-1 -yl) 
acetyl)amino]propane 

^ {Compound of Example 28] . 

To a solution of the 3-(1 H-indoK3-yI)-1 -IN-(2-methoxybenryl)amino]-2-[N-(2-((4-phenyI)piperazin-1 -yl)acetyl)ami- 
no]propane (0.43 g. 0.65 mmole) and triethytamine (130 ^1, 0.93 mmole) in 5 ml of anhydrous tetrahydrofuran, was 
added dropwise ethylchloroformate (69 ^1, 0.93 mmole). The resulting mixture was stirred for about 16 hours at room 
^5 temperature. The tetrahydrofuran was removed under reduced pressure. 

The acyteted product was partitioned between ethyl acetate and 0.2 N sodium hydroxide, and was then washed 
with water and brine successivery. then dried over sodium sulfate. Flash chromatography (silica ge). methanotmeth- 
ylene chbride, 2.5:97.5) provided 390 mg of homogeneous title product as a white foam. 

50 Preparation of 3-(1 H-indol-3-yO-1 4N-(2-melhoxybenzyl)-N-(methybmtnocart>onyl)amino)-2-IM-(2-{{4-phenyO 
prperazin-1 -y [)acetyl)amino]propane 

[Compound of Example 29] 

35 To a room ternperature solution of 3-{1H-indol-3^l)-1-{N-(2-methoxybervzyl)amino)-2-(N-(2-((4-phenyl)plperazin- 

1-yl)acetyl)amino]prc^ane (0.40 g, 0.78 mmole) In 10 ml of anhydrous tetrahydrofuran was added dropwise methyl 
isocyanate (140 pi. 2.3 mmoles). The resulting mixture was then stirred for 1 6 hours at room temperature. The tetrahy- 
drofuran was rerrxaved in vacuo . The title product was isolated by consecutive washes with ethyl acetate, water, and 
brine, and then dried over sodium sulfate. Flash chromatography using silica gel and a methanolAnethylene chtortde 

40 (5/95) eluant provided 396 mg of the homogeneous product as a yellow oiL 

AUcytatlon of Secondary Amine 

Preparation of 14N-ethyl-N-(2-methoxybenzyl)amino]-3-(1 H-indol-3-yl)-2-(N-(2-((4-phenyOpiperazin-l-yl)acetyl) 
45 amino]propane 

[Compound of Example 9] 

To a room temperature solution of 3-(1H-indol-3-yl)-1^N-(2-methoxyben2yl)arTurio)-24t^(2-((4i)henyl)pg>erM 
50 1 -yl)acetyl)amino]propane (0.41 g, 0.80 mmole) in 5 ml of anhydrous N.N-dimethytfonmamide were added ethyl iodide 
(120 ^1, 1.5 mmoles) and potassium cart>onate (120 mg, 0.87 mmole). This mixture was then heated to 50"C and 
maintained at that temperature for about 4 hours after which it was stirred at room temperature for about 16 hours. 
The N.N-dimethytformamide was then removed under reduced pressure. The product was partitioned between ethyl 
acetate and water, and then washed with brine, before drying over sodium sulfate. The solvents were removed h 
55 vacuo . Preparative thtn layer chromatography provided 360 mg of the title product as a yellow foam. 
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Method E 



R ducttonofth carbonyl of an amid 

5 Preparation of 1 ,2-diamino-3-(1 H-indol-3^l)proparte 

Boron trifluortde etherate (12.3 ml, 0.1 nrvnole) was added to a tetrahydrofuran (24.4 m\) solution of tryptophan 
amide (20.3 g, 0.1 mole) at room temperature with stirring. At reflux with constant stirring, borane methylsulftde (3Z25 
ml. 0.34 mole) was added dropwise. The reaction was heated at reflux with stirring for five hours. A tetrahydrofuran: 
10 water mixture (26 ml. 1:1) was carefully added dropwise! A sodium hydroxide solution (160 ml. 5N) was added and 
the mixture heated at reflux with stirring for sixteen hours. 

The layers of the cooled mixture were separated and the aqueous was extracted twice with 40 ml each of tetrahy- 
drofuran. These combined tetrahydrofuran extracts were evaporated. Ethyl acetate (600 ml) was added and this so- 
lution was washed three tin^ies with 80 ml saturated sodium chloride solution. The ethyl acetate extract was dried over 
15 sodium sulfate, filtered and evaporated to yield 18.4 g (97%) of the title compound. 

Protection of prbnary amine 

Preparation of the 2-amino-1-f4)utoxycarbonylamin>3-(1H-indol-3-yl)prDpane. 

Di-^butyldicarbonate (0.90 ml. 3.9 mmoles) in 10 ml of tetrahydrofuran was added dropwise at room temperature 
to the 1,2-cfiamino-3-(1H*indof-3-yl)propane (1.06^. 5.6 mmoles) produced supra , which was dissolved in 28 ml of 
tetrahydrofuran. This dropwise addition occurred over a 5 hour period. The solvent was evaporated. Flash chromatog- 
raphy using ethanot/ammonium hydroxtde/ethylacetate yielded 0.51 g (1 .76 mmoles, 31%) of the desired cait>amate. 

Acylatlon of the secondary amine 

Preparation of 1 -fbutoxycart)onylamirio-3-(lH-indol-3-yl)-24N-(2-((4-phenyl)p^erazin-VyOacetyl>^ 

30 [Compound of Example 151] 

A slurry of 2-((4-phenyl)pipenazin-1-yl)acetlc acid (2.47 g. 11.2 mmoles) and tnethylamine (3. 13 ml, 22.5 nrvnoles) 
in acetonitrile (1200 ml) was heated to reflux briefly with stirring. While the resulting solution was mill warm cartK)nyt- 
di'ffnidazole (1.82 g. 11.2 nrvnoles) was added and the mixture was heated at reflux for 10 minutes. The 2-amino- 14- 
ss butoxycarfoonytamino-3-(1H-indol-3yl)-propane (3.25 g. 11.2 mmoles) in 50 ml of acetonitrile was then added to the 
reaction. The resulting mixture was refluxed with stirring for 30 minutes and was then stirred at room temperature 
overnight 

The reaction mixture was then refluxed with stirring for 5 hours and the solvent was then removed in vacuo . The 
resulting oil was washed with a sodium carbonate solution, followed by six washes with water, which was foUowed by 
40 a wash with a saturated sodium chloride solution. The resulting liquid was dried over sodium sulfate artd filtered. The 
retained residue was then dried in vacuo . TTie filtrate was reduced in volume and th^ panialty purified by chiomatog- 
raphy The sample from the chronoatograaphy was pooled with the residue retained by the filter, combining for 3.94 
grams (72% yield) of the title product. 

45 Method F 

Deprotectlon of Primary Amine 

Synthesis of 1-amino-3-(1H-indol-3-yI)'2-(N-(2*((4-ph6nyl)piperazin-1-yl)acetyOamino]propane 

so 

[Compound of Example 150] 

To an ice cold soution of 70% aqueous trifluoroacetic acid (2.6 ml of trlfluoroacetic acid in 4.0 ml total volume) 
were added 1-f-butoxycarbonytamino-3-(1HHndol-^yl)*2-|N-(2-((4-phenyI)piperazir>-1-yl)acet^ (0.80 
55 g, 1 .63 mmoles) and anisole (0.4 ml). Tbis mixture was stirred for 35 minutes, resulting in a clear solution. The solution 
was then stirred for an additional hour and then evaporated. 

Ethyl acetate was then added to the r suiting liquid, followed by a wash with a sodium cartxsnate solution. This 
wa^ was then followed by three washes with a saturated sodium chloride solution. The resulting solution was then 
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dried over sofdium sulfat . fittered and evaporated, resultmg in 0.576 g (90% yield) ol the title product. 
Method G 

s Heductive AlkylatI n f Primary Amln 

Preparation of l*(N-(2-chlorobenzyl)amino]-3-(1H-indol-3-yl )-2-IN-(2-((4-phenyl)piperazin-1-yi)acetyl)amino] 
prc^ane. 

^0 {Compound of Example 2] 

2-Chloroben2aldehyde (0. 11 2 g, 0.8 mrrtole) was combined with the 1 -amino-3-(1 H-indoI-3-yl)-2-{N-(2-((4-phenyO 
piperazin-1-yl)acetyl)amino]propane (0.156 g. 0.398 mnrK>le) in toluene. The resulting mixture was then stirred and 
warmed, and then evaporated. Toluene was then added to the residue and this mixture was again evaporated. Tet- 
is rahydrofuran was added to the residue and the mixture was then cooled in an ice bath. 

Sodium cyanoborohydride (0.O25 g. 0.4 mmole) was then added to the reaction mixture. Gaseous hydrogen chlo- 
ride was periodically added above the liquid mixture. The mixture was stirred at room temperature for 16 hours and 
then reduced in volume in vacuo . 

A dilute hydrochloric acid solution was then added to the residue and the solution was then extracted twice with 
20 ether. The acidic aqueous extract was basified by the dropwise addition ot 5N sodium hydroxide. This basified solution 
was then extracted three times with ethyl acetate. The combined ethyl acetate washes were washed with a saturated 
sodium chloride solution, dried over sodium sulfate, filtered and evaporated. This process was followed by chroma- 
tography yielding 0.163 g (79% yield) of the title product. 

2S Method H 

IVItytatlon 

Preparation of 3-(1H-irKtol-3-yl)-2-(N-triphenylmethytamino)propanamide. 

30 

Tryptophan amide (26.43 g^ 0.130 mole) was suspended in 260 ml of methylene chloride and this mixture was 
flushed with nitrogen and then put under argon. Trityl chloride (38.06 g. 0. 1 36 mole) was dissolved in 75 ml of methylene 
chloride. The trityl chloride solution was stowty added to the tryptophan amide solution which eat in an ice bath, the 
addition taking aboirt 25 minutes. The reaction mixture was then altowed to stir ovenighL 

3S The reaction mixture was then poured into a separation funnel and was washed with 250 mA of water, followed by 

250 ml brine. As the organic layer was filtering through sodium sulfate to dry, a solid precipitated. The filtrate was 
collected artd the solvent was evaporated. 

Ethyl acetate was then added to the pooled solid and this mixture was stirred and then refrigerated overnight. The 
next day the resulting solid was washed several times with cold ethyl acetate and then dried in vacuo . Yield 49.76 g 

40 (85.9%). 

Reduetlon of Carbonyi 

Preparation of 1-amino-3-(1H-irxtol-3-yl}-2*(N*triphenylmethytamtno)propane 

45 

Under argon the 3-(1 H-indol-3-yl)-2*(f4-triphenylmethylamino)prqpanamide (48.46 g. 0.108 mole) was suspended 
in 270 ml of tetrahydrofuran. This mixture was then heated to reflux. Borane-methyl sulfide complex (41.3 g, 0.543 
mole) was then sbwty added to the reacti^- mixture. All of the starting amide dissolved during the addition of the 
borane-methyl sulfide complex. This solution was then stirred overnight in an 83^0 oil bath. 

so After cooling a 1 : 1 mixture of tetrahydrof urannwater (75 ml total) was then added to the soluticm. Sodium hydroxide 

(5N. 230 mf) was then added to the mbcture. which was then heated to reflux for about 30 minutes. 

After partitioning the aqueous and organic layers, the organic layer was collected. The aqueous layer was then 
extracted with tetrahydrofuran. The organic layers were combined and the solvents were then removed by evaporation. 
The resulting liquid was then partitioned between ethyl acetate and brine and was washed a second time with brine. 

ss The solution was then dried over sodium sulfate and the solvents were rerrwyed m vacuo to yield 48.66 grams of the 
desired intermediate. 
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Substitution of primary amlrfe 

Preparation of 14N-(2-fnethoxyben2yOarnrnop3-(lH-irictol-3-yl)-2-(N4riphenylmethylar^ 

5 To a mixture of l-amino-a-(lH-indoI-3-yl)-2-(N-lriphenylmethylamino)propane (48.68 g, 0.109 mol ) dissolved in 

toluene (1.13 1) was added 2-nr^lhoxybenzaldehyde (23.12 g. 0.169 mote), the 2-meth xybenzald hyd having been 
previously purified by base wash. The reaction mixture was stirred overnight. The solvents were then removed in vacuo . 

The recovered solid was dissolved in 376 ml of a 1 : 1 tetrahydrof uran:methanot mixture. To this solution was added 
sodium borohydride (6.63 g. 0.1 60 nmie). This mixture was stirred on ice for about 4 hours. The solvents were removed 

70 by evaporation. The remaining liquid was panitioned between 1200 ml of ethyl acetate and 1000 ml of a 1:1 brine:20N 
sodium hydroxide solution. This was extracted twice with 500 ml of ethyl acetate each and then dried over sodium 
sulfate. The solvents were then removed by evaporation overnight, yielding 67.60 grams (>99% yield) of the desired 
product. 

T5 Method J 

THtylatlon 

Preparation of 3-(1H-indol-3-yl)-2-(N-triphenylmethylamino)propanoic acid [N-trftyllryptophan] 

20 

Chtorotrimethytsitane (70.0 ml; 0.527 moles) was added at a nrtoderate late to a stirring slurry of tryptophan (1 00.0 
g. 0.490 mole) in anhydrous methylene chloride (600 ml) under a nitrogen atnnosphere. This mixture was continuously 
stirred for 4.25 hours. Triethylamine (147.0 ml» 1 .055 moles) was added foDowed by the addition of a solution of triphe* 
nytmethyl chbride (147.0 g. 0.552 mole) tn methylene chloride (400 ml) using an addition funnel. The mixture was 

25 stirred at room temperature^ under a nitrogen atmosphere for at least 20 hours. The reactkm was quenched by the 
addition of methanol (500 ml). 

The solution was concentrated on a rotary evaporator to near dryness and the mixture was redissolved in methylene 
chloride and ethyl acetate. An aqueous work-up Involving a 5% citric acid solution (2X) and brine (2X) was then per- 
formed. The organic layer was dried over anhydrous sodium sulfate, filtered, and concentrated to dryness on a rotary 

30 evaporator. The soBd was dissolved in hot diethyl ether followed by the addition of hexanes to pr<vnote crystallization. 
By this process 173.6 g (0.389 mole) of analytically pure 3-(1 H-indo)-3-yl)-2-(N-triphenylntethylamino)propanotc acid 
was isolated as a light tan solid rn two crops giving a total of 79% yield. 

Coupling 

Preparation of 3-(1H-iridol-3*yl)-N-(2Hrnethoxyberuyl)-2-(N-triphenytmethytamino)propari^^ 

To a stirring solution of 3-(1 H-indol-3-yl)-2-(N-triphenylme1hylamino)propanoic acid (1 79.8 g. 0.403 mole), 2-meth- 
oxybenzylamine (56.0 ml. 0.429 mole), and hydroxyberuotriazole hydrate (57.97 g. 0.429 mole) in anhydrous tetrahy- 

40 drofuran (1.7 L) and anhydrous N,N*dSmethy{lonmmide (500 ml) under a nitrogen atmosphere at O^C, were added 
triethylamine (60.0 ml. 0.430 mole) and 1 -{3Kijmethylaminoprc^yl)-3-ethoxycarbodiimkie hydrochloride (82.25 g, 0.429 
mole). The mixture was allowed to warm to room temperature under a nitrogen atmosphere for at least 20 hours. 17ie 
mixture was concentrated on a rotary evaporator and then redissolved tn methylene chloride arid an aqueous work- 
up of 5% citric acid solution (2X), saturated sodium bicarbonate solution (2X), and brine (2X) was performed. The 

45 organic layer was dried over ar\hydrous sodium sulfate, filtered, and concentrated to dryness on a rotary evaporator. 
The title product was then filtered as a pink solid in two lots. Isolated 215.8 g (0.381 mole) of analytically pure material 
(95%yiekj). 

Reduction 

50 

Preparation of 3-(l H-tndol-3-yO-l -{N-(2-methoxybenzyl)amtrK>J-2-{N4rIphenytmothytentino)propane 

Red-AKS>. [a 3.4 M. solution of sodium bis(2-methoxyethoxy)aluminum hydride in toluene] (535 ml, 1.819 moles), 
dissolved in anhydrous tetrahydrofuran (400 ml) was slowly added using an acfclition funnel to a refluxing solution of 
55 the acytetion product 3-(1 H-indol-3^l)-r^(2'methoxyben2yl)-2-(N-triphenylmethylamino)propanamlde (228.6 g. 0.404 
mols) produced supra , in anhydrous tetrahydrofuran (1.0 liter) under a nitrogen atmosphere. The reaction mixture 
became a purple solution. The reaction was quenched after at least 20 hours t>y the stow addition of excess saturated 
Rochelte salt solution (potassium sodium tartrate tetrahydrate). The organic layer was isolated, washed with brine (2X), 
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dried over anhydrous sodium sutfat , filtered, and concentrated to an oil on a rotary evaporator. No further purificatton 
was done and the product was used dtrectty tn the next step. 

Method K 

Acylatlon 

Preparation ol 3-(1H-indol-3-yI)-1 4N-(2-methoxybenzyt)-acetylarnino)-2-(N-triphenylrnethyIarnino)propane 

To a stirring solution of 3-(1H-indpl-3-yl)-1-[N-(2-rTiethoxyben2yl)anr)ino)-2-(N-triphenylnrielh 
(0.404 mofe) in anhydrous tetrahydrofuran (1.2 liters) under a nitrogen atmosphere at 0°C was added triethylamtne 
.(66.5 ml, 0.477 mole) and acetic anhydride (45.0 ml, 0.477 rr^ole). After 4 hours, the mixture was concentrated on a 
rotary evaporator, redlssolved in methylene chlorkJe and ethyl acetate, washed with water (2X) and brine (2X). dried 
over anhydrous sodium sulfate, filtered, and concentrated to a solid on a rotary evaporator. The resulting solid was 
dissolved in chloroform and loaded onto silica gel 60 (230-400 mesh) and eluted with a 1:1 mixture of ethyl acetate 
and hexanes. The product was then crystallized from an ethyl acetate/hexanes mixture. The resulting product of 3- 
(1 H-indoK3-yO-1 -(N-(2-melhoxyben2yl)acetyiamino)-2-(N-triphenylmethylamino)propane was crystallized and isolated 
over three crops giving 20S.97 grams (67% yield) of analytically pure material 

Method L 

DetrltylaUon 

Preparation of 2-amino-3-(lH-indol-0-yl)-HN-{2-methoxyben2yl )acetylamino]prDpane 

Fonmic acid (9.0 ml, 236.540 mmoles) was added to a stirring solution of 3-(1 H-indo^3-yl)-1 -[N-(2-methoxyben2yI) 
acetylamino}-2-(N-triphenytmethy tamino)propane (1 4. 11 g, 23.763 mmoles) in anhydrous methylene chbride under a 
nitrogen atmosphere at 0*^C. After 4 hours, the reaction mixture was concentrated to an oil on a rotary evaporator and 
rediseotved in diethyl ether and 1 .0 N hydrochloric acid. The aqueous layer was washed twice with diethyl ether end 
baslfied with sodium hydroxide to a pH greater than 12. The product was extracted out with methylene chloride (4X). 
The organic extracts were combined, dried over anhydrous sodium sulfate, filtered, and concentrated on a rotary evap- 
orator to a white foam. The compound 2-amino-3-(1H-indol-3-yl)-1-(N-(2-methQxybenzyl)acetylaminolpropane (7.52 
g, 21 .397 mmols) was isolated giving a 90% yield. No further purification was necessary. 

Method M 

Bromoacetylation 

Preparation of 2^(2-brorno)acety^amino-3-(1H•indo^3■y1)0-{N-(2-methoxybenzyl)acelylamino]pr^^>^ 

To a stirring solution of 2-amino-3-(1H-indol-3-yl)»l-|N-(2-melhoxybenzy1)acetylaminolpropane (7.51 g, 21.369 
mnru)les) in anhydrous tetrahydrofuran (100 ml) under a nitrogen atmosphere at 0°C was added diisopr<^ylethylamine 
(4.1 ml. 23.537 mmoles) and bromoacetyl bromide (2.05 ml, 23.530 mrTK}les). After 2 hours, ethyl acetate was added 
and the reaction mixture washed with water twice, 1 .0 N hydrochloric acid (2X), saturated sodium bicarbonate solution 
(2X), and brine. The organic byer was dried over anhydrous sodium sulfate, fiflered, and concentrated to a tan foam 
on a rotary evaporator. In this nrenner the 2-{|2-bromo)acetyI)amino-3-(1H-indol-3-yl)-1-|N-(2-methoxybenzyl) 
acetytamino]propane was obtained in quantitative yield. No further purification was necessary 

Method H 

Nucleophllic Displacement 

Preparation of HN-(2-methoxyberuyl)acetyIamirK)]-3-(1H-tndol-3-yO-2-[N-{2-((4<yclohexyl) ) 
amino]propane- 

[Compound of Example 74] 

l-Cyclohexylpiperazine (3.65 g, 22.492 mmoJ s) was added t a stirring solution of 2^(2-brom )acetyI}amino-3- 
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(1HHndol-3-yl)-1-[N-(2'meth xybenzyl)acetytamino]propane (21.369 mmoles) and powdered potassium carbonate 
{3.56 g. 25758 mm Is) in methylene chloride under a nitrogen atrrtosphe re. Th reaction mixture was stirred ov might 
at room temperature. The salts were filtered and the s lution concentrated to a brown foam on a rotary evaporator. 
The desired product was purified on a Prep 500 column using a 10 L gradient starting with 100% methylene chloride 

s and ending with 5% methanol/94.5% methylene chloride/0.5% ammonium hydroxide. Impure fracti nswer combined 
and purified further by reverse phase preparative high performance liquid chromatography (methanol/acetonitrile/wa* 
ter/ammonium acetate). After combining the material from both ch romatographic purifications the title compound (1 0.43 
g. 18.663 mmoles) was isolated (87% yield). 

An alternative means of acylation of the primary amine as shown in the final step of the synthesis protocol of 

yo Scheme IV is by means of reacting a compound of the formula 



IS 




20 with a potassium carboxytate o1 the fomiuta 



A , 



in the presence of isobutylchloroformate and N-methylmorpholine. This reaction is usually performed in the presence 
so of a non-reactive solvent such as methylene chloride at cool temperatures, usually between «30^C and lO^C, more 
preferably at tennperatures between -20^C and 0^0. In this reaction equimolar amounts of the two reactants are gen- 
erally employed although other ratios are operable. An example of this preferred means of acytating the primary amine 
is shown in the following exanr^le. 

35 Method P 

Preparation of (R)-HN*(2-methoxybenzyl)acety lamlno}-3-(1 H-tndol-3-yl)-2-[N-(2-((4-cycI(^exyl)piperaztn*1 -yQacetyl) 
amino]propane 

40 (Compound ol Example 75] 

The title compound was prepared by first cooling 2-<(4-cyclohexyf)pipeFazrr>-1-yl)acetic acid potassium salt to a 
temperature between •S^'C and -^S^0 in 5 volumes of anhydrous methylene chtorida. To this mixture was then added 
isobutylchloroformate at a rate such that the temperature did not exceed -6°C. This reaction mixture was then stirred 
45 for about 1 hour, the temperature being ntaintahed between -8^C and *1 5^C. 

To this mixture was then added (R)*2-amino-3-(1H-indol-3-yO-1-[N-(2-methoxybenzyOacetylaminolpropane dihy* 
drochloride at such a rate that the temperature did not exceed 0"C. Next added to this mixture was N-methyl morpholine 
at a rate such that the temperature did not exceed O^C. This mixture was then stirred for about 1 hour at a temperature 
between -1 5*C and -B*C. 

so The reacticm was quenched by the addition 5 volumes of water. The organic layer was washed once with a 
saturated sodium bicartx>nate solution. The organic phase was then dried over anhydrous potassium carbonate and 
filtered to remove the drying agent. To the filtrate was then added 2 equivalents of concentrated hydrochloric acid, 
fottowed by 1 volume of isoprc^ alcohol The nrtethytene chloride was then exchanged virith isopropy) atoohol under 
vacuum by distillatim. 

55 The final volume of isopropyl alcohol was then concentrated to three volumes by vacuum. The reaction mixture 
was cooled to 20°C to 25*^0 and the product was allowed to crystallize for at least one hout The desired product was 
then recovered by filtration and washed with sufficient is propyl alcohol to give a colortess filtrate. The crystal cake 
was then dried under vacuum at 50^C. 
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Preparalkw of (R^3K1H-indol-3-yl)-l-(N-(2-melhoxyben2yl)acetylamiTO^^ 
acetyl )aminojpropane d&iydrcx:hloride Irihydrato • 



5 



70 



75 




• 3 H2O 



Under a nitrogen atmosphere 2-(4-(piperidin-1 -yl)piperidin-1 -yl)acetic acid, potassium sail (0.75 kg, 2.B4 mol) was 
^ added to methylene chtoride (7.5 L). The resulting mixture was cooled to -15 to -S^'C and isobutyl ^lorofomrtate (0.29 

kg, 2.1 2 mol) was added at such a rate so as to maintain the temperature xA the reaction mixture below -S'^C. After the 

addition the resulting reactk>n mixture was stirred for 90 minutes between -1 5 and ^Z, 

The reaction mixture was then cooled to -35*C and solid (R)-2-amffio-3-(1H-indol-3-yl)-HN-(2-methoxybenzyl) 

amino]propane dthydrochloride (0.60 kg. 1 .14 nnol) was added at such a rate that the reaction temperature was main- 
^ tained at less than •20''C. After the addition, the reaction mixture was stirred for about one hour with the temperature 

being maintained between -ZPC and -20*C. The reaction was quenched by the addition of deionized water (7.5 L). 

The reaction mixture was basified to pH 12.8-1 3.2 by the addition of 5 N sodium hydroxide. The aqueous fraction was 

removed and retained. Additional deionized water (3.75 L) was added to the organic fraction as was sufficient 5 N 

sodium hydroxide to re-acQust the pH to 12.8-13.2. 
30 The two aqueous f ractnns were combined, back*extracted with methylene chbride (1 .5 L) and then discarded. - 

The organic fractions were combined and washed with deionized water (4 x 3.5 L). These extracts were combined. 

back-extracted with methylene chtorfde (1 .5 L), and then discarded. The two organic layers were combined and washed 

with a saturated sodium chtoride solution (3.7 L). 

The organ fc fraction was dried over anhydrous magnesium sulfate, filtered, and sohrent exchanged from methylene 
^5 chloride to acetone (3.75 L) on a rotary evaporator. An aqueous solution of hydrochbric acid (0.48 L of 6 N solutksn. 

2.6B mol) and seed crystals (2 g) were added and mixture was stirred for 30-90 minutes. Acetone (1 3.2 L) was then 

added and the slurry stirred for one hour. The resulting solid was then filtered, washed with acetone (2 x 1.4 L), and 

dried to yield 633 g (90%) ol(R)-3-(1H-indol-3-yO-1-[N-(2-methoxybenzyl)acelylaminoh2-[N-(2-(4-(piperidin-1-yOpipe- 

ridin-1 -yl)acetyl)amino]pr^}ane dihydrochloride trihydrate. 
40 An alternative process of preparing the most preferred compounds is as follows. 

Preparation of (R)-3-(l H-tndol-3-yl)-2-(N-tnphenytmethytamirio)propanoic ackl. N-methytmorphoiine salt (f^-trityhO- 
tryptophan N-methytmopholine salt). 

45 



50 ' 




To a one liter 4 neck flask equipped with mechanical stirrer, condensor, probe, and stopper, were added D-tryp- 
tophan (40.0 g, 0.196 mol), acetonitrile (240 ml), and 1,1.1, 3,3, 3-hexamethykJtsilazane (39.5 g. 0.245 moQ. The re- 
55 sultffig mixture was heated to 50-60^C and stined until homogeneous. In a separate beaker trftyl chlorkle (60.06 g, 
0.215 mol) and acetoniuile (120 ml) were slurried. The slurry was added to the sitylated tryptophan mixture and the 
beaker was rinsed with 40 ml of acetonitrile. To the reaction mixture N-methytmorphoflne (23.7 ml, 21 .8 g, 0.216 mol) 
was added and the resulting mixture was stirred f r one hour. The progress of the r action was rtK^nitored by chron^- 
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tography. 

After satisfactory progress, water (240 ml) was added dropwis to the reaction mixture arrd the resulting mixtur 
was cooled to less than 10*^0. stirred for thirty minutes, and filtered. The residue was washed with water, and then 
dried to btain 108.15 grams (>99% yield) of the desired title product. 
5 iH NMR (Df^SOdfi) 62.70 (m. 1H). 2.83 (m. 2H). 3.35 (m. 1H). 6.92-7,20 (m. 12H). 7.30-7.41 (m. 8H). 10.83 (s. 1H). 
11.73 (brs. IH). 





Analysis for C30H26N2O2: 


10 


Theory: 


C. 80.69: 


H, 5.87; 


N. 6.27 


Found: 


C, 80.47; 


H. 5.92; 


N. 6.10. 



Preparation of (R)-3-(1 H-indot-3-yl)-N-{2-nr»ethoxybenzyl)-2-(N-trlphenylmethyIamjno )propanamide. 



20 




To a two liter 4 neck flask equipped with mechanical stirrer, condensor, and thermocouple, tmder a nitrogen at* 
mosphere. were added N-trityt-D-tiyptophan N-methylmopholine salt (1 08.0 g, 0. 1 96 mol)* acetonitrlle (800 ml), 2-chk>- 

2S ro-4,6-dinnethoxy-1,3,5-triazinB (38.63 9. 0.22 mol). and N-methylmorphoItne (29.1 ml). The resulting mixture was 
stirred at ambient temperature until homoger^eous (about ten minutes). 

After about one hour. 2-methoxyben^lamtne (29 ml) was added. The resulting mixture was heated to 3S^C and 
maintained at that temperature cvemlght. The progress of the reaction was monitored by chromatography. Water (750 
ml) was then added dropwise to the reaction mixture and the resulting mixture was cooled to less than 10°C. stirred 

30 for thirty minutes, and filtered. The residue was washed with water (about 1 00 ml), and then dried to obtain the desired 
title product. (Yield: 87% and 91 % in two runs) 
FDf^ 565 (M*). 

NMR (CDCy 62.19 (dd. J=6.4 Hz. Au=14.4 Hz. IH). 2.64 (d, J=6.5 Hz. IH), 3.19 (dd. J=4.3Hz. Au=14.4Hz. IH). 
3.49 (m. IH). 3.63 (s. 3H). 3.99 (dd. J=5.4 Hz. Au=14.2 Hz, IH). 4.25 (dd. J=7.1 Hz. Av=14.2 Hz. IH). 6.64 (d, J=2.1 
3S HZ. IH), 6.80 (d, J=8.2 Hz. IH). 6.91 (t. J=7.4 Hz, IH), 7.06-7.38 (m, 21 H). 7.49 (d, J=7.9 Hz. IH). 7.75 (a, IH). 





Analysis for O^H^U^O^ 




Theory: 


C. 80.68: 


H. 6.24: 


N. 7.43. 


40 


Found: 


C. 80.65: 


H, 6.46: 


N. 7.50 



Reduction of Carbonyi 
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so 

Preparation of (R)-3-(1H-indol-3-yl)-l-(N-(2-methoKybenzyl)amino)-2-(N-triphenylmethylamtno)pro^ 

RED-AUB). [a 3.4 M. solution sodium bis(2-m6thoxyethoxy)aIuminum hydride in toluene] (535 ml, 1.619 mol)» 
55 dissolved in anhydrous tetrahydrofuran (400 ml) was slowly added using an addition funnel to a refluxing solution of 
the acylation product, (R)-3-(1H-indol-3-yl)4sl-(2-^nethcxybenzyl)-2-(N-triphenylmethytamino)propanamido (228.6 g, 
0.404 mols) produced supra in anhydrous tetrahydrofuran (1.0 L) under a nitrogen atmosphere. The reaction mixture 
* became a purple solution. The reaction was quenched after at least 20 hours by the stow additksn of excess saturated 
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Rochelle's salt solution (potassium sodium tartrate tetrahydraie). The organic layer was isolated, washed with brine * 
(2X). dried over anhydrous sodium sulfate, filtered, and concentrated to an oil on a r tary vaporalor. No further puri- 
fication was done and the product was used directly In the next step. 

s Acylatlon of Secondary Amln 




IS Preparation o! (R)-3-(1 H-indol-3-yl)-l4N-(2-methoxybenryl)-acety!amlnol-2-(N-triphenylmethylamino)pro^ 

To a stirring solution of (R)-3-(1H-indol-3-yO-HN-(2-melhoxybenzyl)aminoJ-2-(N-triphenylnriethylamino)prop^ 
(0.404 mof) In anhydrous tetrahydrofuran (1.2 L) under a nitrogen atmosphere at 0°C was added triethytamine (66.5 
ml. 0.477 mol) and acetic anhydride (45.0 ml. 0.477 mol). After 4 hours, the mhcture was concentrated on a rotary 

20 evaporator, redissolved in methylene chloride and ethyl acetate, washed with water (2X) and brine (2)(), dried ever 
anhydrous sodium sulfate, filtered, and cortcentrated to a solid on a rotary evaporator. The resulting solid was dissolved 
in chloroform and loaded onto silica gel 60 (230-400 mesh) and eluted with a 1:1 mixture of ethyl acetate and hexanes. 
The product was then crystallized from an ethyl acetateAiexanes mixture. The resulting product of (R)^1H-indo}- 
3-yl)-1-[N-(2-methoxybenzyl)acetylamirK)]-2-(N'triphenytmethytamBio)proparYe was crystallized and isolated over 

25 three crops giving 208.97 grams (87% yield) of analytically pure material 





Analysis for C4oH39N3P2: 




Theory: 


C. 80.91; 


H, 6.62; 


N, 7.08. 


30 


Found: 


C. 81.00; 


H, 6.69; 


N. 6.94. 



, Oeprotectlon 




Preparation of (R)-2-amino-3-(1H-indol-3-yl)-1-{N-(2*methoxybenzyl)dcelytam!no^ropan6 dihydrochloride 

A stirring solution of (R)-3^1H-indol-3-yl)-HN-{2-methoxybenzyl)acetylamirK)]-2-{N-triphenyImethyIami^^^ 
45 pane in two volumes of methylene chloride was cooled to between -40"C and 'SO'C Anhydrous hydrogen chbride 
gas was added at such a rate that the temperature of the reaction mixture did not exceed O^C. The reaction mixture 
was stirred for 30 minutes to one hour at 0-1 O^C. 

To this reaction mixture was added two volumes of methyl f-butyl ether and the resulting mixture was allowed to 
stir for 30 minutes to one hour at 0-10*^0. The resulting crystalline solid was removed by filtration and thai washed 
so with methyl ^butyl ether. The reaction product was dried under vacuum at S£PC, (Yield >98%) 





Analysis for C2iH2sN30^ " 2 HCI: 




Theory: 


C, 59.44; 


H 6.41; 


N. 9.90. 


55 


Found: 


C. 60.40; 


H. 6.60; 


N. 9.99. 
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Preparation of 2-((4'cycIohexyt]pipera2tn-1-yl)a'cetic acid potassium satt hydrat 

Cyctohexylpiperazrne (10.0 g. 0.059 mol) was added to ten volumes of methylene chloride at room temperature. 
T this mixture was added sodium hydroxid (36 ml of a 2N sotution, 0.072 mol) and tetrabutytammonium bromide (1.3 
5 g. 0.004 mol). After the addition of the sodium hydroxide and tetrabuty (ammonium bromide, methyl bromoacetate (7.0 
ml, 0.073 mot) was added and the reaction mixture was stirred for f ur to six hours. The progress of th reactbn was 
monrtored by gas chromatography. 

The organic fraction was separated and the aqueous phase was back-extracted with methylene chloride. The 
organic phases were combined and washed twice with detonlzed water, once with saturated sodium bicarbonate so- 
10 lutton, and then with brine. The or^nic phase was dried over magnesium sulfate and the solvents were removed in 
vacuo to yield methyl 2-((4-cyclohexy))p^ra2in-1-yl)acetate as a yelbwish oil. 

The title compound was prepared by dissolving the methyl 2-((4-cyclohexyl}piperazin-1*yf)acetate (10.0 g. 0.042 
moO in ten volumes of diethyl ether. This solution was cooled to 15*^0 and then potassium trimethytsilanoate (5.9 g. 
0.044) was added. This mbcture was then stined for four to six hours. The reaction product was removed by filtration. 
15 washed twice with five volumes of diethyl ether, then washed twice with five volumes of hexanes. and then dried In a 
vacuum oven for 12-24 hours at 50°C. 





Analysis for C^g^^i^'^a^ * ^^2^- 


20 


Theory: 


C, 49.63; 


H. 7.98; 


N, 9.65. 


Found: 


C, 49.54; 


H. 7.72; 


N. 9.11. 



Preparation of (R)-2^N-<2-((4-cyclohexyl)p9)era2ir1-1 •yl)acetyl)aminol-3-(1 H-indol-3-yO-1 4N-(2-methoxyben2yl) 
acety taminolpropan e 

2S 



30 




35 

The title compound was prepared by first cooling 2-((4-cyctohexyOpiperazin-1-yl)acetic acid potassium salt to a 
temperature between -S^C and -15*'C in 5 volumes of anhydrous methylene chloride. To this mixture was added iso- 
butylchloroformate at a rate such that the temperature did not exceed -6**C. The resulting reactton mixture was stirred 
40 for about 1 hour, the temperature being maintained between -6**C ar>d -15^C. 

To this mbcture was then added (R)-2-amino-3-(1H-lndol>3*yl)*1-(N-(2-methoxybenzyl)acetytaminolpropane dihy- 
drochloride at such a rate that the temperature did not exceed 0°C. Next added to this mbcture was N-nnethyl morpholine 
at a rate such that the temperature did not exceed O^C. This mixture was then stin'ed lor about 1 hour at a temperature 
between -1 5^C and •S'^C. 

45 The reaction was quenched by the addition of 5 volumes of water. The organic layer was washed once with a 
saturated sodium bicarbonate sotution. The organic phase was then dried over anhydrous potassium cartxsnate and 
filtered to remove the drying agent To the filtrate was then added 2 equivalents of concentrated hydrochloric acid, 
folbwed by 1 volume of Isopropyt alcohol The methylene chloride was then exchanged with isopropy! alcohol under 
vacuum by distillation. 

so The final volume of isopropyt alcohol was then cortcentrated to three volumes by vacuum. The reaction mixture 
was cooled to 20^C to 25^C and the product was albwed to crystallize for at least one hour. The desired product was 
then recovered by filtration and washed with sufficient isopropyt alcohol to give a colorless fQtrate. The crystal cake 
was then dried under vacuum at 50^C. MS 560 (M-t-l *), 

Um (CDCy 6 1.09-1.28 (m. 5H). 1.64 (d, J=10 Hz, 1H), 1.80-1.89 (m. 4H). 2.10 (s. 3H), 2.24-2.52 (m. 9H). 2.90 

55 (s, 2H). 2.95 (d. J=7 Hz. 1H), 3,02 (d, J=7 Hz. 1H). 3.12 (dd, J=5, 14 Hz. 1 H), 3.77 (s, 3H), 4.01 (dd. J=10, 14 Hz. 1H), 
4.49 (ABq, J=17 Hz, 43 Hz. 2H), 4.56 (m, 1H). 6.7^.87 (m, 3H). 7.05-7.24 (m. 4H). 7.34-7.41 (m. 2H), 7.67 (d. J=8 
Hz, 1H),e.22(s, 1H). 
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Analysis for C33H45N5O3: 




Theory: 


C, 70-61: 


H, 8.10; 


N. 12.51. 


5 


Found: 


C. 7071: 


H. B.21; 


N, 12.42. 



Preparation of 2-{4-(piperidin-l-yl)piperkJin-1-yl)acelic acid, potassium salt 




40 4-(Prperidin-l-y))piperidine (1.20 kg, 7.13 mol) was added to methylene chloride (12.0 L) under a nitrogen atmos- 

phere. Tetrabutylammonium bromide (0.1 50 kg. 0.47 mol) and sodium hydroxide (1 .7 L of a 5 N solution. 8.5 mol) were 
then added. The reaction mixture was cooled to 10-1 5*^0 and methyl bromoacetate (1 .17 kg, 7.65 mol) was added and 
the resutttng mixture was stirred for a minimum of 16 houre. 

Oeionized water (1.2 L) was then added to the mixture and the layers separated. The aqueous tayer was back- 

4$ extracted with methylene chloride (2.4 L). The organic fractions were conrtbined and washed with deionized water (3 
X 1 .2 L), a saturated sodium bicartx>nate solution (1 .1 L) and a saturated sodium chtoride solution (1.1 L). The organic 
fraction was then dried over anhydrous magnesium sulfate and concentrated to an oil on a rotary evaporator to yieU 
1 .61 3 kg (93.5%) of methyl 2-(4^(p]peridin-1 -y))ptperidin-1 *yl)acetate. 

A solution of methyl 2-{4-(piperidtn-1-yl)piperidin-1-yl]acetate (2.395 kg, 9.96 mol) in methanol (2.4 L) was added 

so to a solution of potassium hydroxide (0.662 kg. 10.0 mol Q 85% purity) in methanol (10.5 L) under a nitrogen atmos- 
phere. The reaction mixture was heated to 45-50°C for a minimum of 16 hours. 

A solvent exchange from methanol to acetone (1 5.0 L) was performed m the solution on a rotary evaporator. This 
solution was slowly cooled to room temperature over 16 hours. The resulting solids were filtered, rinsed with acetone 
(5.0 L) and then dried to yield 2.471 kg (93.8%) of 2-(4-(piperidin-1-yl)pip6ridin-1-yf)acetic acid, potassium salt. f^S 

65 265 (M*i) 
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Preparation of (R)-3-(1H-lridoi-3-yl)-1-(N-(2HTiethoxyl)eruyl)acetylimirio)-2-(N-{2-^ 
acetyl)amino]pr pane dihydrochloride trihydrate 



5 



TO 



IS 




Under a nitrogen atmosphere 2-(4-(piperidin-1 -y l)pipertdin-1 -yl^cetic acid, potassium saR (0.75 kg. 2.B4 rrwl) was 

20 added to methylene chtoride (7.5 L). The resulting mixture was cooled to -1 5 to -6^C and isobutyl chforof ormate (0.29 
kg. 2. 1 2 mol) was added at such a rate so as to nnaintain the temperature of the reaction mixture below -8^C. After the 
addition the resulting reaction mixture was stirred for 90 minutes between -15 and -8°C. 

The reaction mixture was then cooled to -35^C and solid (R)-2-amino-3-(1H-indo(-3-yf)-1-[N-(2-methoxybenzy!) 
amino]propane dihydrochlortde (0.60 kg» 1 .14 rrtol) was added at such a rate that the reaction temperature was main- 

25 tained at less than -20^C. After the addition, the reaction mixture was stirred for about one hour with the temperature 
being maintained between -37°C and -20^C. The reaction was quenched by the adcfition of de Ionized water (7.5 L). 
The reaction mixture was basifiedto pH 12.8-13.2 by the addition of 5 N sodium hydrodctde. The aqueous fraction was 
removed and retained. Additional deionized water (3.75 L) was added to the organic fraction as was sufficient 5 N 
sodium hydroxide to re-adjust the pH to 12.8-13.2. 

30 The two aqueous fractkxis were combined, back-extracted with methylene chbride (1 .5 L) and then discarded. 

The organic fractions were combined and washed with deionized water (4 x 3.5 L). These extracts were combined, 
back-extracted with methylene chbnde (1 .5 L), and then discarded. The two organic layers were combined and washed 
with a saturated sodium chloride solution (3.7 L). 

The organb fraction was dried over anhydrous magnesium sulfate, filtered, and solvent exchanged from methylene 

35 chk>ride to acetone (3.75 L) on a rotary evaporator. An aqueous solution of hydrochk>ric acid (0.48 L of 6 N solution. 
2.68 mol) and seed crystals (2 g) were added and mixture was stirred for 30-90 minutes. Acetone (13.2 L) was then 
added aruf the slurry stirred for one hour The resulting solid was then filtered, washed with acetone (2 x 1 .4 L). and 
dried to yield 633 g (90%) of (R>-3-(1H-indol-3-yl)-1-{N-(2-methoxyben2yl)acetyIarriino}-2-{N-(2-(4-(p*peridm 
eridin-1-yI)acetyl)aminolpfopane dihydrochloride trihydrate. 

40 

Preparation of (R)-3-(1H-indot-3-yl)-1-{N-(2-methoxyberayOacetylamlno]-24N-(2*(4-(piperidi^ 
acetyf)amino]propane dioxatate 



4$ 



SO 




• 2 oxalate 

55 

Int a 500 ml jacketed round bottom flask was placed 2-(4-(ptperidln-1 -yOpiperidin-l-yl)acetic ackl, potassium salt 
(25.0 g. 94.5 rrvnol) and 375 ml of N.N-dimethytformamid . The resulting slurry was cooled to -1 9^C and isobutytchlo- 
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roformate (1 2.9 g, 94.5 mmol) was added over five mrnutes. The resulting mixture was stirred for twenty minutes and 
then {R)-2-annino-3-(lH-indoI-3-yl)-HN-(2-nriethoxyben2yl)acetylamino)propanedihydro^ ride (25.0 g. 58.1 mm 1). 
dissolved in 75 ml of anhydrous N,N-dimethyfformamtde, was added ov r ten minutes. 

The resulting mixture ts then cooled to 0°C, stin-ed lor about ten minutes, and then permitted to warm to room 
5 temperature. The progress of the reaction was monitored by chromatography. High pert rmance liquid chromatography 
showed 99% conversion of the reactants after ninety minutes. 

The reaction mixture was partitioned between ethyl acetate (375 ml) and a saturated sodium bicarbonate solution 
(375 ml). The aqueous layer was back extracted with 375 ml of ethyl acetate. The organic fractions were combined, 
washed with water (3 x 375 ml), and then dried over magnesium sulfate. Potassium hydroxide is then added to the 
10 aqueous fraction from above and this resulting basified solution Is extracted with ethyl acetate. This organic traction 
is then dried over magnesium sulfate. 

The combined dried organic fractions are then treated vtnth a concentrated oxalic acid solution. The resuRing solids 
are filtered and dried at SO'^C in a vacuum oven to yield 23.5 grams of the desired tntemnediate. 

As would be appreciated by a skilled practitioner the mixed anhydrkje process will work in a number of organic 
16 solvents, in addition to the anhydrous N.N-dimethylformamide depicted above. Representative examples of solvents 
which may be employed include acetonitrile. tetrahydrofuran, dichtoromethane. The mixed anhydride process can be 
performed at temperatures below 0°C. 

The oxalate can be isolated from ethyf acetate as well as from other solvents, probably including acetone, ace- 
tonitrile. and r-butyl methyl ether. The use of oxalk: acid Is, however, very important for the precipitation as a large 
so number of acids do not give a precipitate. Among those acids attempted, but found not satisfactory for the processes 
of the present invention, are citric, anhydrous hydrochloric, tartaric, mandeltc, trifluoroacetic, p-nitroberuoic, phenoxy* 
acetic, maleic. fumaric. gtutaric. adiptc. methanesulfonic. p-toluenesutfonic. pamoic, trans-1,2-cyclohexane dicarbox- 
ylic. succinic, phthatic. trans-1 .2-diaminocyclohexane*N,N,NMM*-naphthalenedisutfonic. an6 5-su If osalicylic acids. Only 
oxalic acid and 1 .5-naphthalene disutfonic acid reproducibly produced a solid. 

25 

Preparation of (R)-3-(1 H-indol-3-yl)-l -{N-{2-mBthoxybenzyl)acetylaminoJ-2-(N-(2-(4-(ptperidin-1 -yl)piperidin-1 -yl) 
acetyl)amino]propane dihydrochloride trfhydrate 




Into a flask were added (R)-3-(1 H-indol-3-yl)04N-(2Hnethoxyben2yl)acetylaminoJ-24N-{2-{4-(piperidin*l-yl)p 
ridin-l-yl}acety1)amino]prc^ane oxalate (3.31 g. 4.22 mmol), methylene chloride (30 ml. 39.75 g). and water (30 ml). 
45 The resulting mixture was stirred and the pH of the reaction mixture was adjusted to 10-12 using 50% caustic. 

The phases were separated and the aqueous phase was extracted with methylene chtoride (20 ml) and separated. 
The combined organic fractions were back extracted with water (30 ml) and dried over magnesium sulfate. The meth- 
ylene was rer7K>ved on an evaporator, leaving a residue. This residue was transferred to a jacketed flask and dissolved 
into acetone (24 g, 10.25 volumes). 
so Enough water was added to bring the water concentration to eleven percent (by vraight) and the resulting mbcture 

was heated to 5&*C. Enough concentrated hydrochbric acid was added to bwer the pH to 2.0 and the reaction mixture 
was then permitted to coo) to 37^C over 45 minutes. 

The product solution was seeded and pemiitted to stir for 10-30 minutes. The product solution was coofed to 19^0 
over two hours and acetone (11.8 equivalent volumes) was added over three hours, after which time the reaction 
ss mixture was stinted for one to three hours, maintaining the temperature at 1 9^C. The product eolutton was filtered artd 
the residue was washed with 10.2 equivalents (by volume) of acetone. The residue was then dried in a vacuum oven 
at 42^C to giv the d sir d till product Yield 2.407 grams (80.7%). 

The following tabi Dtustrates many of the compounds produced using essentlaOy the steps descrfised tn Schenrtes 
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I through IV. A person of ordinary skill in the art woutd readily understand that a certain order of steps nnust be employed 
in many instances to avoid reactions other than the on sought For exampi . as in the above methods, It is frequently 
necessary to employ a protecting group in ord r t block a reaction at a particular nnoiety. 

The abbr viations used in the following table are commonty used in the field and would b readily understood by 
5 a practitioner in the field. F r exmple, the abbr viation 'Ph" refers to a phenyl group. 'i-Pr" refers to an isopropyl gr up. 
'Me' describes a methyl group, *Et' refers to an ethyl gr up, *t-Bu' describes a /erf-butyl group, and the like. 

In the following table, the first column gives the example number of the compound. The next columns (may be 
one. two. or three columns) describe the substitution patterns of the particular example. The column entitled *Mp **C* 
gives the melting point of the compound if it is a solid or notes the fomn of the substance al ambient temperature. The 
10 next column, entitled 'MS*, defines the mass of the compound as determined by mass spectroscopy The folbwtng 
column gives the nuclear magnetic resoriance profile of the example compound as synthesized. The final columns 
give the molecular formula of the example compound as well as its elemental anatyss. 
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6.90 12.29 
6.93 12.33 
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6.96 13.25 
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55 

Tbe biological activity ol the compounds emptoyed the present invention may be measured by a number of methods 
known to those skilled in th art, including those described in the patents and scientific literature described eupra . 
The growth hormone secretagogues of Formula I are useful in vitro as unique tools for understanding how growth 
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hormone secretbn ts regulated at the pituitary level. This irrctudes use in the evaluation of many fact rs thought or 
known to influence growth h mnone secretion, such as age, sex, nutritional factors, glucose, amino acids, fatty acids, 
as w II as fasting and non-fasting states. In addition, the compounds employed in this invention can b used In th 
valuation of how other hormones modify growth h rmone releastrig activity. For example, it has already been stat>* 

5 lished that somatostatin inhibits growth hormone release. 

Other homnones that are important artd in need of study as to their effect on growth h rmone r lease include the 
gonadal hormones, e.g., testosterone, estradiol, and progesterone: the adrenal hormones, e.g.. Cortisol and othar 
corticoids, epinephrine and norepinephrine; the pancreatic and gastrointestinal hornrK>nes, e.g., insulin, glucagon, gas- 
trin, secretin; the vasoactive peptides, e.g., bombesin, the neurokinins; and the thyroid hormones, e.g., thyroxine and 

f 0 triiodothyronine. The compounds of Formula I can also be employed to investigate the possible negative or positive 
feedback effects of the pituitary hormones, e.g., growth hormone and endorphin peptides, on the pituitary to modify 
growth honnone release. Of particutetr scientific importance is the use of these compounds to elucidate the subcellular 
mechanisms mediating the release of growth hormone. 

The compounds of Formula I can be administered to animals, including man, to release growth hormone in vfvo . 

'5 For example, the compounds can be administered to comnr>ercially important animals such as swine, cattle, sheep, 
and the like to accelerate and increase their rate and extent of growth, to improve feed efRciency. and to increase milk 
production in such animals. In addition, these compounds can be administered to humans in vivo as a diagnostic too) 
to directly determine whether the pituitary is capable of releasing growth hormone. For example, the compounds of 
Formula I can be acfrntnistered in vivo to children. Serum samples taken before and after such administratbn can be 

20 assayed for growth hormone. Comparison of the amounts of growth hormone in each of these samples would be a 
means for directly detemilning the ability of the patient's pituitary to release growth hormone. 

The present invention generally empbys at least one of the compounds of Formula I in associatkxi with a phar- 
nrtaceuttcal earner or diluent. Optionally, the active ingredient of the phanraceutical compositions can comprise an 
anabolb agent in addition to at least one of the compounds of Formula I or another conq>os(tk)n which exhibits a 

2s different activity, e.g.. an antibiotic growth permlttant or an agent to treat osteoporosis or in combination with a corti- 
costeroid to minimize the catabolic side effects or with other pharmaceuticaDy active materials wherein the combination 
enhances efficacy and minimizes side effects. 

Growth promoting and anabolic agents include, but are not limited to. TRH. dielhytstilbesterol. estrogens, p-ago- 
nists. theophylline, anabolic steroids, enkephalins, E series prostaglandins, compounds cfisclosed in United States 

30 Patent 3,239.345. e.g., zeranol. and corr^xninds disclosed in United States Patent 4.036.979. e.g.. suibenox. or pep- 
tides disclosed in United States Patent 4.411 .890. 

A stOI further use of the growth hormone secretagogues of this inventbn is in con^ination with other growth hor- 
nnone secretagogues such as the growth hormone releasing peptkJes GHRP-6. GHRP-1 as described in United States 
Patent 4.411.690 and Patent Cooperation Treaty Publications WO 89/07110 and WO 89/07111. as well as hexarelin 

35 and the newly discovered GHRP-2 as described in Patent Cooperation Treaty Publication WO 93A)4081 ; or growth 
hormone releasing hormone and its analogs; or growth hornwne and its analogs; or somatomedins includ^g IGF-1 
and IGF-2: or a*adrenergic agonists, such as clonidine; or serotonin S-HT^q agonists, such as surr^triptan; or agents 
which inh9>it son^tostattn or its release, such as physostigmine and pyridostigmine. 

As is well known to those skilled in the art. the known and potenttat uses of growth hormone are varied and mut- 

40 titudirtous. The administration of the compounds employed in the present inventnn for the purpose of stimulating the 
release of endogenous growth hormone can have the same effects or uses as growth hormone itself. These varied 
uses of growth hormone may be summarized as follows: stimulating growth homrtone release in elderty humans; treating 
growth hormone deficient adults; prevention of catattolb side effects of glucocorticoids; treatment of osteoporosis: 
stimutetion of the immune system; acceleration of wound healing; accelerating bone fracture repair; treatment of growth 

45 retardation: treating acute or chronic renal failure or insutficiency; treatment of physiological short stature, including 
growth hormone deficient children; treating short stature associated with chronic illness; treatment of obesity and 
growth, retardatkn associated with obesity; treating growth retardation associated with Prader-WilG syndrome and 
Turner's syndronw; accelerating the recovery and reducing hospitalization of bum patients or foIk>wing major surgery 
such as gastrointestinal surgery; treatment of intrauterine growth retardation, skeletal dysplasia, hypercortiscnism. and 

50 Cushings syndrome; replacement of growth hormone in stressed patients; treatment of osteochondrodysplasias. Noo- 
nans syndrome, sleep disorders. Alzheimer's disease, delayed wound healing, bxv6 psychosocial deprivation; treatment 
of pulmonary dysfunction and ventilator dependency; attenuation of protein catabolic response after a m^r operation; 
treating malabsorptbn syndromes; reducing cachexia and protein loss due to chronic Illness such as cancer or AIDS; 
accelerating weight gain and portion accretion in patients on total parenteral nutrition; treatment of hyperinsuOnemia 

ss including neskiioblastosis; adjuvant treatment tor ovulation inductbn and to prevent and treat gastric and duodenal 
ulcers; to stimulate thymic development ar^ prevent the age-related decline of thymic f urutkxi; adjurtctive therapy for 
patients on chronic hemodialysis; treatment of immunosuppressed patients and to enhance antibody response foDow- 
ing vaccination; inr^rovement in muscle strength, mobility, maintenance of skin thickness, metabolic homeostasis, r na) 
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homeostasis in the frail etderty; stimulation of osteoblasts, bone remodeling, and cartilage growth; tr atment of neu- 
rological diseases such as peripheral and drug-induced neuropathy. GuillarvBarr syndrome, amyotrophic lateral scle- 
rosis, multiple sclerosis, cerebrovascular accidents, and demyelinating diseases: stimulation of the immune system in 
companion animals and treatment of disorders t aging in companion kninials; growth promotion in livestock; and 

5 stimulation of wool growth tn she p. 

It will be understood by those skilled in the art that there are numerous compounds n w being used in an effort t 
treat the diseases or therapeutic indications enumerated above. Combinations of these therapeutic agents, some of 
which have also been mentioned above, with the growth hornrKine secretagogues employed in this invention will bring 
additional, complementary; and often synergistic properties to enhance the growth promotant, anabolic, and desirable 

10 properties of these varbus therapeutic agents. In these combinations, the therapeutic agents and the growth hormone 
secretagogues of this invention may be independently present m dose ranges from one one-hundredth to one times 
the dose levels which are effective when these compounds and secretagogues are used singly. 

The compounds of Formula I are usually administered in the fomn of phamiaceutlcal compositions. These com- 
pounds can be administered by a variety of routes including oral, rectal, transdermal, subcutaneous, intravenous, 

75 intramuscular, and intranasal These compounds are effective as both injectable and oral conrrpositions. Such compo- 
sitions are prepared in a manner well known tn the pharmaceutical art and comprise at (east one active compound. 

The present invention also includes methods employing pharmaceutical composftions which contain, as the active 
ingredient, the compounds of Formula I associated with pharmaceuttcally acceptable caniers. In making the compo- 
s'ttions of the present invention the active ingredient is usually mixed with an excipient, diluted by an excipient or 

20 enclosed withcn such a carrier which can be in the form of a capsule, sachet, paper or other container. When the 
excipient serves as a diluent, it can be a solid, semi-solid, or Itquti material, which acts as a vehicle, carrier or medium 
forthe active ingredient Thus, the compositions can be in the form of tablets, pitis. powders, kszenges. sachets, cachets, 
elixirs, suspensbns. emulsions, solutions, syrups, aerosols (as a solid or in a liquid medium), ointments containing for 
example up to 10% by weight of the active compound, soft and hard gelatin capsules, supposftories, sterile inje(^le 

2B solutions, and sterile packaged powders. 

In preparing a formulation, it rrray be necessary to mill the active compound to provide the appropriate part^le size 
prior to combining with the other ingredients. If the active compound is substantially insoluble, tt ordinarily is milled to 
a particle size of less than 200 mesh. If the active compound sut>stantBlly water soluble, the particle size is normally 
adjusted by milling to provide a substantially uniform distrlbutton in the formulation, e.g. about 40 mesh. 

30 Some exantples of 6uit£ible exciptents hclude lactose, dextrose, sucrose, sorbitol, mannttol. starches, gum acacia, 

calcium phosphate, alginates, tragacanth, gelatin, calcium silicate, microcrystalline cellulose, polyvonylpyrrolidone. cel- 
lulose, water, syrup, and methyl cellulose. The formulations can additk^nally include: lubricating agents such as talc, 
magnesium stearate. and mineral oil; wetting agents; emulsifying and suspending agents; preserving agents such as 
methyl- and propylhydroxybenzoates; sweetening agents; and flavoring agents. The corr^mitkans of the invention can 

35 be formulated so as to provide quick, sustained or delayed release of the active ingredient after administration to the 
patient by employing procedures known in the art 

The compositions are preferably formulated in a unit dosage form, each dosage containing from about 5 to about 
1 00 mg, more usually about 1 0 to about 30 m'g. of the active ingrecfient The term 'unit dosage f onn' refers to physically 
discrete unHs suitable as unitary dosages dosages for human subjects and other mammals, each unit containing a 

^ predetermined quantity of active material calculated to produce the desired therapeutic eflect. in associatbn with a 
suitable pharmaceutical excipient. 

The active compound is effective over a wide dosage range. For exan^^. dosages per day normally fall within 
the range of about 0.5 to about 30 mg/kg of body weight In the treatment of adult humans, the range of abcAit 1 to 
about 15 mg/kg^day. in single or divided dose, is especially preferred. However, it will be urKterstood that the amount 

45 of the compound actually administered will be determined by a physician, in the li^tt of the relevant ctrcunnstances, 
including the condition to be treated, the chosen route of administraton, the actual corrtpound administered, the age, 
weight, and response of the individual patient, and the severity of the patient's symptoms, and tiierefore the above 
dosage ranges are not intended to linrut the scope of the invention in any way. tn some instances dosage levels below 
the lower limit of the aforesaid range may be more than adequate, while in other cases still larger doses may be 

50 employed wititout causing any harmful side effect, provided that such larger doses are first divided into several smaller 
doses for.admtnistration throughout the day. 

For preparing solkl cmoposilons such as tablets the princ^al active ingredient ts mixed with a pharmaceutical 
excipient to forni a solid preformulation composition containing a homogeneous mixture of a compourK) of the present 
invention. When referring to these preformutatton compositions as homogeneous, it is meant that the active ingredient 

55 is dipsersed evenly throughout the compos'ttton so that the compositnn may be readily subdivkled into equally eHective 
unH dosage forms such as tablets, pills and capsules. This solid prefomnutation is then subdivkted into unit dosage 
forms of the type described above containing from 0. 1 to about 500 mg of the active ingredient of the present inventbn. 
The tablets or pills of th present invention may b coated or otherwise compounded to provide a dosage form 
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affording the actvantage of prolonged action. For xample. the tablet or pill can comprise an inn r dosage and an outer 
dosage component, the tatter being in the form of an envelope over the former. The two components can be separated 
by enteric layer which serves to resist disintegration in th stomach and permit the inner component to pass intact into 
the duodenum r to be delayed in release. A variety of materials can be us^ for such enteric layers or coatings, such 
5 materials including a number of potymenc acids and mixtures of polymeric actds with such mat rials as shellac, cetyl 
alcohol, and cellulose acetate. 

The liquid forms in which the novel compositions of the present invention may be irtcorporated tor administration 
orally or by injection include aqueous solutions, suitably flavored syrups, aqueous or oil suspensions, and flavored 
emulsions with edible oils such as cottonseed oil sesame oil. coconut oil. or peanut oil, as well as elixirs and similar 
f 0 phaimaceutical vehicles. 

Compositions for inhalation or insufflation include solutions and suspensions in pharmaceutical^ acceptable, aque- 
ous or organic solvents, or mixtures thereof, and powders. The liquid or solid compositions may contain suitable phar- 
maceutbally acceptable excipients as described supra . Preferably the compositbr^s are administered by the oral or 
nasal respiratory route for local or systemic effect Compositions in preferably pharmaceutically acceptable solvents 
t5 may be nebuliied by use of inen gases. Nebulized solutions may be breathed directly from the nebulizing device or 
the nebulizing device may be attached to a face mask. tent, or intermittent positive pressure breathing machine. So- 
lution, suspension, or powder compsoitions may be administered, preferably orally or nasally, from devices which 
deliver the formulation In an appropriate manner. 

The following examples illustrate the phanmaceutical compositions of the present invention. 

20 

Formulatton Examote 1 



Hard gelatin capsules containing the following ingredients are prepared: 



25 


Ingredient 


Quantity (mg/capsule) 




Compound of Example 51 


30.0 




Starch 


305.0 




Magnesium stearate 


5.0 



30 



The above ingredients are mixed and filled Into hard gelatin capsules in 340 mg quantities. 
Formulatbn Example 2 
35 A tablet formula is prepared using the ingredients below. 



Ingredient 


Quantity (mgAablet) 


Compound of Example 66 
Cellulose, microcrystalltne 
Colloidal silicon dioxide 
Stearic acid 5.0 


25.0 
200.0 
10.0 



The components are blended and corr^ressed to form tablets, each weighing 240 mg. 

45 

Formulatton Example 3 

A dry powder inhaler formulation is prepared containing the following components: 



Ingredient 


Weight % 


Compound of Example 17 
Lactose 


5 
95 



55 The active mixture is mixed with the lactose and the mixture is added to a dry powder inhaling appliance. 
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Formulation Example 4 

Tablets, each containtng 30 mg of active ingredient, are prepared as follows: 



Ingr dient 


Quantity (mg^abl t) 


Compound of Example 14 


30.0 mg 


Starch 


45.0 mg 


Microcrystalline ceUutose 


35.0 mg 


Polyvinylpyrrolidone (as 10% solution in water) 


4.0 mg 


Sodium carboxymethyl starch 


4.5 mg 


Magnesium stearate 


0.5 mg 


Talc 


1.0 mg 


Total 


120 mg 



The active Ingredient, starch and cellulose are passed through a No. 20 mesh U.S. sieve and mixed thoroughly. 
The solution of potyvinylpyrroGdone is mixed with the resultant powders, which are then passed through a 16 mesh U. 
S. sieve. The granules so produced are dried at 50-€0^C and passed through a 16 mesh U.S. sieve. The sodium 
cartx>xymethy1 starch, magnesium etearate. and talc, prevbusly passed through a No. 30 mesh U.S. sieve, are then 
added to the granules which, after mixing, are compressed on a tablet machine to yield tablets each vrat^tng 1 50 mg. 



Formulation Example 5 

Capsules, each containing 40 nng of medicament are made as follows: 



Ingredient 


Quantity (mg^capsule) 


Compound of Example 13 


40.0 mg 


Starch 


109.0 mg 


Magnesium stearate 


1.0 mg 


Total 


150.0 mg 



The active ingredient, cellulose, starch, and magnesium stearate are blended, passed through a No. 20 mesh U. 
S. sieve, and filled into hard gelatin capsules In 150 mg quantities. 

Formulatton Example 6 

Suppositories, each containing 25 mg of active ingredient are made as follows: 



Ingredient 


Amount 


COTopound of Example 16 
Saturated fatty acid gtycerides to 


25 mg 
2,000 mg 



The active ingredient is passed through a 'No. 60 mesh U.S. sieve and suspended in the saturated fatty acKl 
gtycerides previously melted using the minimum heat necessary. The mixture is then poured into a suppository mold 
of nominal 2.0 g capacity and allowed to cool. 
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Formulatton Example 7 



Suspensions, each containing 50 mg of medicament per 5.0 ml dose are made as follows: 



55 



Ingredient 



Compound of Example 43 
Xanthan gum 

Sodium caitoxymethyl cellulose (11%) Microcrystalline cellulose (B9%) 



Amount 



50.0 mg 
4.0 mg 
50.0 mg 
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(continued) 



Ingredient 


Amount 


Sucrose 




1.7Sg 


Sodium benzoate 




10.0 mg 


Flavor and Color 




q.v. 


Purrfied water to 




5.0 ml 



10 The medicament, sucrose and xanthan gum are blended, passed through a No. 10 mesh U.S. sieve, and then 

mixed with a previously made solution ol the microcrystalline cellulose and sodium carboxymethyl cellulose in watet 
The sodium benzoate. flavor, and color are diluted with some of the water and added with stirring. Sufficient water Is 
then added to produce the required volume. 

75 Formulaton Example 8 

Capsules, each containing 15 mg of medicament, are made as follows: 



Ingredient 


Quantity (mg/capsule) 


Compound of Example 58 


15.0 mg 


Starch 


407.0 mg 


Magnesium stearate 


3.0 mg 


Total 


425.0 mg 



25 

The active ingredient, cellulose, starch, and magnesium stearate are blended, passed through a No. 20 mesh U. 
S. sieve, and filled into hard gelatin capsules in 560 mg quantities. 

Formubtion Example 9 

30 

An intravenous formulation may be prepared as follows: 



Ingredient 


Quantity 


Compound of Example 91 
Isotonic saline 


250.0 mg 
1000 ml 



Formulation Exafm)te 10 

A topical formulation may be prepared as follows: 



Ingredient 


Quantity 


Compound of Example 67 
Emulsifying Wax 
Liquid Paraffin 
White Son Paraffin 


MOg 
30g 
20g 
to 100 g 



The while soft paraffin is heated until moHen. The liquid praffin and emulsifying wax are incorporated and stirred until 
50 dissolved. The compound of Example 67 is added and stirring is continued until dispersed. The nnixture is then cooled 
until solid. 

Fomnulatfon Example 11 

55 . Sublingual or buccal tablets, each containing 10 mg of active ingredient, may be prepared as follows: 
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Ingredi nt 


Quantity Per Tablet 


AcUv Ingredient 


10.0 mg 


GtycercH 


210.5 irig 


\A^ter 


143.0 mg 


SoGfium Citrate 


4.5.mg 


Polyvinyl Alcohol 


26.5 mg 


Potyvinylpyrrolldone 


15.5 mg 


Total 


410.0 mg 



The glycerol, water, sodium citrate, polyvinyl alcohol, and polyvinylpyrrolidone are admixed together by continuous 
stirring and maintaining the temperature at about 90^ C. When the polymers have gone into solutioa the solution is 
cooled to about 50-55^C and the medicament is slowly admixed. The homogenous mixture is poured into forms nriade 
o! an inert material to produce a drug-containing diffusion matrix having a thickness of about 2-4 mm. This diffusion 
matrix is then cut to form individual tablets having the appropriate size. 

Another preferred formulatbn employed in the methods of the present Invention employs transdermal delivery 
devices ("patches"). Such transdermal patches may be used to provide continuous or discontinuous infusion of the 
compounds of the present invention in controlled amounts. The construction ar^i use of transdermal patches for the 
delivery of pharmaceutical agents is well known in the art. See, e.g. . U.S. Patent 5.023,252. issued June 11, 1991, 
herein incorporated by reference. Such patches may be constructed for continuous, pulsatile, or on demand delivery 
of pharmaceutical agents. 

Frequently, It will be desirable or necessary to introduce the pharmaceutical compositkin to the brain, either directly 
or indirectly. Direct techniques usually involve placement of a drug delivery catheter into the host*s ventrKular system 
to bypass the blood-brain barrier. One such implantable delivery system, used for the transport of biological factors to 
specific anatomical regk>ns of the body, is described in U.S. Patent 5.011 .472. issued April 30. 1991 , which is herein 
incorporated by refemce. 

Indirect techniques, which are generally preferred, usually involve formulating the compositions to provide for drug 
. latentiatkxi by the conversion of hydrophilic dnjgs Into llpid-soluble drugs or prodrugs. Latentiatk)n Is generally achieved 
through blocking of the hydroxy, carbonyl, sulfate, and primary amine groups present on the drug to render the drug 
more lipid soluble and amenable to transportation across the blood-brain barrier. Altemativety. the delivery of hydr^hillc 
drugs may be enhanced by htra^rterial infusbn of hypertonic solutions which can transiently open the bbod-brain 
barrier 



40 
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Claims 

1 . A compound of the formula 



wherein 

misOorl; 



r I 

R- (CH2)„— C-CH2— N— (CH)o-R' 



NH « 
I 

(CO)p 



nteOorl; 
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isO. 1, f 2; 
pisOorl; 

R is phenyl, 2- or 3-indotyl, 2- or 3-indolinyl, benzothienyl, benzofuranyl. or naphlhyl; 

any one of which groups may be substituted with one or two hak>, C,-C3 alkoxy. trffluoromethyi, 0^-04 
alkyi, pheny^C^-Ca alkoxy, or C,-C4 alkanoyl groups; 

is trityt, phenyl, dipheny (methyl, phenoxy, phenylthb, hexamethylenetminyl. piperazinyl, piperidiny). pyrro- 
lidinyt, morpholinyL tndolinyf. indotyl, benzothienyl. benzofuranyl, qurnoltnyl. tetrahydropyridinyl. isoquinoltnyl, 
reduced quinoltnyl, reduced isoquinolinyK phenyU(C,-C4 alky))-. phenyt-(C^-C4 alkoxy)-. qutnoliny)-(C^-C4 
alkyI)-, isoquinolinyHC^ -C4 alkyI)-. reduced quinolinyl-(Ci -C4 alkyf)-. reduced isoquinolinyHC,-C4 alkyJ)-. ben- 
- zoyHC,-C3alkyls,Ci-C4afkyl, or-NH-CH2-R5; 

any one of which groups rmy be substituted with halo. C^-C4 alkyI, C1-C4 alkoxy, trifluoromethyj. 
amino, C1-C4 atkytamino. or di(C,-C4 aDcyOamtno; or any one of which groups may be substituted with 
phenyl, piperazinyL Ca-Cgcyck^alkyl. benzyl, 0^-04 alkyI, ptpertdinyl. pyridiny), pyrtmidinyl. C2*Cealkan(^lami- 
no. pyrrolidinyl, 02-0^ alkanoyl, or C^-C4 alkoxycarbonyl; 

any one of which groups may be substituted with halo, C^-C^ alkyI, CyC^ alkoxy, trrfluoromethyl. 
amino. C^-C4 alkylamino, di(C)-C4 alkyQamino. or 02-04 alkanoylamino; 

or R^ is amino, a leaving group, hydrogen, 0^-04 alkylamino, or di(C,-C4 aIkyl)amino; 

R^ is pyricfyl. anilrto-(C^-C3 alkyI)-, or anDtnocarbonyt 

is hydrogen, 0^-04 alkyl, aryteulfonyl, 0,-04 alkylsutfonyl. cafboxy-(0i-C3 alKyl)-, C^-Ca alkoxycarbonyl 
"(0,-03 atkyi)-. or -COR6; 

RS is hydrogen, 0,-04 alkyl, 0,-03 haloalkyt, P^^nyt. 0,-03 alkoxy. 0,-03hydroxyalkyl. amino. 0,-04 alkylami- 
no. di{0,-04 alkyl)amino, or -{OKyq-R^; 

qisOtoS: 

R7 is phenoxy. phenytthk), piperazinyl, piperidinyl. pyrrolkjinyl. morpholinyl. indolinyl. tndolyt. benzothienyl. 
berizofuranyl qutnolinyl, isoquinolinyl, reduced quinolinyl, reduced isoqubiolinyl. ph6nyl-(0,-04 alkyl)-. quin- 
olinyl-(0,-04 alkyl)-, isoquinoIinyl-(C,-04 alkyl)-, reduced quinoOnyl(0,-C4 alkyl)-, reduced isoquindinyHO,- 
O4 alkyl)-. benzoyl-0,*03 alkyl; 

any one of, which R^ groups rray be substituted with hak), trifluoromethyl, 0,-04 altoxy. amino. O1-C4 
all^lamtno. di(0i-04 alkyOamtno, or O2-O4 alkanoylamino: 

or any one of which R^ groups may be substituted with phenyl, piperazinyl, C3-O3 cycloalkyl. benzyl, 
piperidinyl, pyridinyl. pyrimkJinyl. pyrroltdinyl. O2-O6 a*><anoyl. 0,-04 or 0,-04 alkaxycarbonyt 

any of which groups may be substituted with halo, trifluoromethyl, amro, C1-O4 alkoxy, 0,-04 ^'^L 
0, -O4 alkylamino. di(0, -04 alky f)amino, or 0^4 alkanoytamtno; 

or R7 is carboxy. 0,-64 alkoxycarbonyl, 0,-04 alkytcarbonyloxy. amino, 0,-04 alkylamino. di(0,-04 alkyl)am}- 
no, 0,-0^ alkoxycarbonylamino; 
RB IS hydrogen or 0,-Oe alkyl; 

R3 is phenyl, phenyl-(0,-Oe aDcyl)-. Oa-Oe cycloalkyl, Cs-Qg cycloalkenyl. O, -O3 alkyl. r^thyl, Og-Cg atkenyl. 
or hydrogen; 

any one of which groups except hydrogen may be substituted with one or two halo. 0,-03 alKoxy. O,- 
O3 atkytthio, nitro. trifluoromethyl. or 0,-03 groups; 

and 

R^ Is hydrogen or 0,-03 

with the proviso that if is hydrogen or halo, R^ is phenyl, pheny!-(0,-06 a'^y's. ^3-03 cycloalkyl Og-Og cy- 
cloalkenyl. or naphthyl; 

or a phamrtaceutically acceptable salt or solvate thereof, for use in treating or preventtng a phystotogical condition 
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which may be modulated by an increase in gr wth hormone. 

2. A use as claimed in Claim 1 employing a compound wherein R is phenyl, naphthyl, r 2- r 3-indolyl which group 
may be optionally substituted. 

a A use as claimed in Claim 2 mploying a comp undolthef rmula 




H 



wherein is one, two or three subslituents selected from the group consisting ol halo, C, -€3 alkoxy. C,-C3 alkytlh- 
io, nitro. trifluoromethyl. and C,-C3 alkyL 

4. A use as claimed in Claim 3 employing a compound wherein R^ is piperazinyl. piperidinyl, substituted piperazinyl. 
or substituted piperidatyt. 

5. A use as claimed in Claim 4 employing a compound wherein R^ is 1 -(4-phenyl)piperazinyl. 

6u A use as claimed in Claim 5 employing (R) 1 -{N-(2-methoxybenzyl)acetylamino]-3-{1 H-indol-3-yl)-24N-(2-((4-phe- 
nyl)pipera2in-1-yl)acetyOaminolpropane or (R) 1-{N-(2-chlor6benzyI)acetylamino]-3-(1H-indol-3-yl)-2^N-(2-( 
(4-phenyl)p)peraztn-1-yt)acetyl]amino]propane, or a pharmaceuticalty acceptable salt or solvate there^. 

7- A use as claimed in Claim 4 employmg a compound wherein R^ is l-(4-cyctohexyl)pip8ra2inyl. 

a A use as claimed in Claim 7 employing (R) 1 •[N-(2-melhaxyben2yl)acetylamino)-3K1 H-indol-3-yl}-2-lN-{2-((4-cy- 
ctohexyOpipera2in-1-yl)acetyl)amino]propane or (R) 1-|N-(2-chIorDben2yl)acetylaminoJ-3-(1H-indol-3-yl)-2-(N-{2- 
((4-cyclohexyl)piperazin-1 -yl)acetyl)amino]propane, or a pharmaceuttcaOy acceptable salt or solvate thereof. 

9. A use as claimed in Claim 4 employing a compound wherein R^ is 1 -{4-pheny1)pip8ridinyl. 

10- A use as claimed in Claim 9 employing (R) 1 -[N-(2*methoxybenzyl)acetylaminol-3-(1 H-indol-3-yt)-2-|N-(2-((4-phe- 
nyl)pipendin.l-yi)acetyl)aminolpropane or (R) 1-[N-(2-chlorobenzyI)acetytemffK)}-3-<1H-indo^3-yl)-2^N-(2-{ 
(4-phenyl)piperidin*1-yl)acetyl)amino]propane, or a pharmaceuticalty acceptable salt or solvate thereof. 

11. A use as claimed in Claim 4 employing a compound wherein R^ Is 1 -(4-cyclcrfiexyl)prperidinyl. 

12. A use as claimed in Claim 11 employing (R) l-IN-(2-melhoxybenzyOacetylamino)-3-(1H-indol-3-y1)-2-{N-<2-((4-cy- 
clohexyl)pipericfin-1-yDacetyl)aminolpropane or (R) 1^N-(2<*llorob8n2yI)acetylaminol-3-(1H-indo^-3Vl)-2^N-(2-( 
(4K:yclohexyl)piperidin-1-yl)acetyl))aminolpropane(R)-N^24acetyI[(2<hbrophenyl)m 
3-ylmethyl)ethyl)}*4<yctohexyt-1-pip8ridineacetamide. or a pharmaceuttcaOy acceptable salt or solvate thereof. 

13. A use as claimed in Claim 4 employing a compound wherein R^ is 1-[4-(1-piperidinyl)lplperldinyl. 

14. A use as claimed in Claim 1 3 employing (R) 1 -|N-(2-methoxybenzyl)acetylaminoh3-(1 H-indol-3^24N-(2-(4-(plp- 
eridin-1 -yl)piperidin-1 -yI)acetyl)amino]propane or (R) 1 -{N-(2-chtorob8nzyl)acetyfanino]-3-(1 H-indol-3-yl>-2-{N-(2- 
(4-(piperidin-1-yl)piperidin-1-yI)ac6tyl)amino]propane. or a pharmaceutlcany acceptable salt or solvate thereof. 

15. A use as claimed in Claim 1 4 employing the compound (R)-3-(1 H-indol-3-yl)-1 4N-(2-methoxyben2yl)acetylamlnol- 
2-(N-(2-(4-{piperidin-1-yl)piperjdin-1^)acetyl)aminoJpropane dihydrochiorido trrhydrate. 
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16. A pharmaceutical formulation for use in treating or preventing a physiot gical conditton which may be modulated 
by an increase in growth hormone, comprising a compound as ctaimed in any one ot Claims 1 to 15, associated 
with one r rnor phamnaceutically acceptable carriers, diluents, or excipients therefor 
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